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significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 
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(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 
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supplement  the  information 
contained  in  the  backup 
report. 
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NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 
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0229  Airflows  in  Buildings  Deter  Cockroaches 

Other  Items  of  Interest 

0282     Measuring  Salinity  Fast 

Computers 

0230  Teaching  Machines  Their  ABCs 

0231  Ferroelectric  Ram 

Software 

0232  CMSTOOL  Version  1.2 

0233  Documenting  Software  Automatically — The  often 
neglected  chore  of  documenting  software  is  simpli- 
fied. 

0234  Generating  Semi-Markov  Models  Automatically — The 
ASSIST  program  facilitates  analysis  of  the  behavior 
of  a  fault-tolerant  computer. 

0235  Schedule-Organizer  Computer  Program — This 
program  provides  a  simple  method  for  the  generation 
of  distribution  lists. 

0236  Schedule-Tracker  Computer  Program — This  program 
generates  reports  on  tasks  that  should  be  completed. 

Electrotechnology 

0237  In-Situ  Reactive  Cleaning  of  X-ray  Optics 

0238  Improved  Contacts  For  High-Temperature  Supercon- 
ductors (Licensing  Opportunity) 

0239  High-Definition,  Video-Rate,  Laser-Addressed  Liquid- 
Crystal  Light-Valve  Projection  Display  (Licensing 
Opportunity) 

0240  Real-Time,  High-Resolution,  3-D  Large-Screen 
Display  Using  Laser-Activated  Liquid-Crystal  Light 
Valves  (Licensing  Opportunity) 

0241  Annular-Bragg-Grating  Surface-Emitting  Laser — 
Advantages  would  include  lower  threshold  current, 
smaller  size,  and  increased  efficiency.  (Licensing 
Opportunity) 

0242  External  Peltier  Cooler  for  Low-Noise  Amplifier — An 
inexpensive  module  could  be  retrofitted  to  an  existing 
amplifier. 

0243  Failures  of  CMOS  Devices  at  Low  Radiation-Dose 
Rates--The  failure  dose  depends  on  the  dose  rate. 

0244  Multi-Ouantum-Well  Spatial  Light  Modulators  on  Si 
Substrates — Features  would  include  short  response 
times,  high  resolutions,  and  low  switching  energies. 
(Licensing  Opportunity) 

0245  Unstable-Resonator  Distributed-Bragg-Reflector 
Laser — Semiconductor  laser  stripes  could  be  made 
wider  for  higher  power.  (Licensing  Opporlunity) 


0246  Voltage-Boosting  Driver  for  Switching  Regulator — A 
capacitative  booster  supplies  increased  turn-on 
voltage  efficiently.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0247  Magnetoresistance  Magnetometer 

Other  Items  of  Interest 

0231      Ferroelectric  Ram 

0277     Calculating  the  Resistivity  of  a  Deposited  Film — An 
iterative  procedure  computes  the  resistivity  from 
measurements  by  the  four-probe  method. 


Energy 

0248  Computer-Aided  Molecular  Design  Applied  to  Coal 
Research 

0249  Low-Frequency  Sonication  Improves  Advanced  Coal 
Cleaning 

0250  Silver  Oxide  (AgO)  Cathode 

0251  NbSe(3)  Cathodes  for  Li  Rechargeable  Cells— The 
electrochemical  and  physical  characteristics  of 
NbSe(3)  are  reported. 

Engineering 

0252  RF  Rewarming  System 

0253  Fire  Extinguishing  Material  (Licensing  Opportunity) 

0254  Hydromechanical  Advanced  Coal  Excavator — Water- 
jet  cutting  would  reduce  coal  dust  and  its  hazards. 

0255  Improved  'Smart'  Robot  Hand — Collection  of  sensor 
data  is  speeded  a  hundredfold.  (Licensing  Opportu- 
nity) 

0256  Passive  Damping  of  Vibrations  in  Truss  Structures  — 
Damping  can  be  enhanced  by  redistribution  of  shear 
strains  in  damping  materials. 

0257  SINDA  '85/FLUINT,  Version  2.2— An  established 
software  system  for  thermal  and  fluid  analysis  is 
updated. 

Software 

0258  Systems  Improved  Numerical  Fluids  Analysis  Code — 
A  thermal-analysis  computer  program  is  augmented 
for  simulation  of  active  heat-transfer  loops. 

Testing  &  Instrumentation 

0259  Locator  of  Corrosion 

0260  Microprocessor  Control  for  Liquid-Cooled  Garment — 
Uncomfortable  overshoots  and  undershoots  of 
temperature  are  eliminated. 
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0249     Low-Frequency  Sonication  Improves  Advanced  Coal 
Cleaning 
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Engineering  (Cont.) 

0267     Zoom  Vision  System  for  Robotic  Welding — Replace- 
ment of  optical  components  to  accommodate 
different  geometries  would  be  unnecessary.  (Licens- 
ing Opportunity) 

0271      Proximity  Sensors  Make  Robot  Dexterous — Re- 
flected beams  measure  distances  and  orientations  of 
objects  for  grasping.  (Licensing  Opportunity) 

Environmental  Science  &  Technology 

0261  Development  of  Risk  Assessment  Metfiodology  for 
Surface  Disposal  of  Municipal  Sludge 

Testing  &  Instrumentation 

0262  Cleaning  Excavated  Soil  Using  Extraction  Agents:  A 
State-of-the-Art  Review  (Licensing  Opportunity) 

Other  Items  of  Interest 

0283     Inorganic  Polymer  Membranes 

Manufacturing,  Machinery  &  Tools 

0263  Suspension  Lug  Project 

0264  RISIC  Workstation  Produces  Its  First  Production 
Parts  At  Mare  Island 

0265  Characterization  of  Robot  Work  Cell — A  mathemati- 
cal model  of  tooling  and  workspace  is  improved 
iteratively.  (Licensing  Opportunity) 

0266  Mechanized  Fluid  Connector  and  Assembly  Tool — 
Connections  can  be  made  or  broken  in  confined 
spaces  and  with  small  external  forces.  (Licensing 
Opportunity) 

0267  Zoom  Vision  System  for  Robotic  Welding — Replace- 
ment of  optical  components  to  accommodate 
different  geometries  would  be  unnecessary.  (Licens- 
ing Opportunity) 

0268  Sealing  Nitrogen  Tetroxide  Leaks — Leaks  can  be 
stopped  in  place,  without  draining  or  replacement  of 
leaking  parts. 

Software 

0269  CMM  Software  Performance  Update 

Testing  &  Instrumentation 

0270  Fast-Probing  Produces  Efficient  On-Machine 

Inspection 

0271  Proximity  Sensors  Make  Robot  Dexterous — Re- 
flected beams  measure  distances  and  orientations  of 
objects  for  grasping.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0255  Improved  'Smart'  Robot  Hand — Collection  of  sensor 
data  is  speeded  a  hundredfold.  (Licensing  Opportu- 
nity) 

0273     Composite  Materials  for  Ship  Machinery  Applications 


Materials 

0272  Thermite  Reduction  for  Rare-Earth  Iron  Alloys 

0273  Composite  Materials  for  Ship  Machinery  Applications 

0274  High-Strength,  Low-Alloy  Steels  for  Ship  Construc- 
tion 

0275  Delamination  Analysis  of  Composite  Curved  Bars — A 
theory  predicts  the  location  and  magnitude  of  the 
delamination  stress. 

Software 

0276  Finite-Element  Composite-Analysis  Program — The 
behavior  of  a  composite  can  be  analyzed  on  a 
microcomputer. 

0277  Calculating  the  Resistivity  of  a  Deposited  Film — An 
iterative  procedure  computes  the  resistivity  from 
measurements  by  the  four-probe  method. 

Testing  &  Instrumentation 

0278  Texture-Measuring  Instrument  Predicts  Drawablility 
of  Sheet  Metal 

0279  Nondestructive  Technique  to  Assess  Embrittlement 
in  Steels — Magnetoacoustic  emission  associated 
with  reversible  motion  of  magnetic  domain  walls  is 
measured. 

Other  Items  of  Interest 

0284     DIPPR  Database  Expanded  to  1 ,1 1 7  Compounds 

Medicine  &  Biology 

0280  Electromagnetic  Energy  for  the  On-Site  Treatment  of 
Severe  Hypothermia 

0281  Method  and  Apparatus  for  Treatment  of  Hypothermia 
by  Electromagnetic  Energy  (Licensing  Opportunity) 

Other  Items  of  Interest 

0252     RF  Rewarming  System 

Natural  Resources  Technology  & 
Engineering 

Testing  &  Instrumentation 

0282  Measuring  Salinity  Fast 

Physical  Sciences 

0283  Inorganic  Polymer  Membranes 

0284  DIPPR  Database  Expanded  to  1,117  Compounds 

0285  Trigonometric  Polynomials  for  Estimation  of  Spec- 
tra— Suboptimal  substitutes  for  discrete  prolate- 
spherioidal  data  windows  are  easier  to  compute. 

Testing  &  Instrumentation 

0286  New  Method  is  More  Sensitive  for  Quantitatively 
Determining  Water 
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0287  Fiber-Optic  Coupler  and  Dynamic-Range  Enhancer 
for  CARS — Simpler  equipment  yields  higher  coupling 
efficiency  with  fewer  adjustments. 

0288  Measuring  Response  of  Propellant  to  Oscillatory 
Heat  Flux — A  microwave  Doppler  velocimeter 
measures  the  motion  of  the  combustion  front. 

0289  Time-Resolved  Measurements  of  Laser  Far-Field 
Patterns — Far-field  patterns  are  sampled  at  discrete 
times  during  pulses. 

Other  Items  of  Interest 

0248     Computer-Aided  Molecular  Design  Applied  to  Coal 
Research 


Transportation  &  Components 

0290  Details  of  Collision-Avoidance  Study — Plans,  forms, 
training  narratives,  scripts,  questionnaires,  and  other 
information  are  compiled. 

0291  Evaluation  of  an  Aircraft-Collision-Avoidance 
System — Data  from  simulated  flights  show  that  the 
system  helps  pilots  avoid  near  misses. 

0292  System  Predicts  Critical  Runway  Performance 
Parameters — Reliable  current  information  is  provided 
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0229     Airflows  in  Buildings  Deter  Cockroaches 

Other  Items  of  Interest 

0282     Measuring  Salinity  Fast 


Research  Technology 

♦   Agricultural  Research  Service 


U.S.  Department  of  Agriculture 


Airflows  in  Buildings  Deter  Cockroaches 


Cockroaches  don't  like  a  breeze,  studies  show.  Builders 
wanting  to  cockroach-proof  a  home  could  incorporate 
airflow  into  attics  and  wall  voids,  where  the  insects 
aggregate.  Scientists  conducted  tests  in  a  divided  .ittic 
inhabited  by  equal  numbers  of  cockroaches  on  both  sides. 
On  one  side,  they  installed  ridge  vents  to  create  airflow; 
the  other  side  they  left  unventilated.  Within  2  weeks,  most 
of  the  cockroaches  had  moved  to  the  still  side.  Scientists 


believe  it's  because  air  is  too  drying  to  a  cockroach,  which 
requires  moisture  to  survive.  This  work  is  part  of  an 
overall  effort  to  control  cockroach  infestations,  thereby 
reducing  the  incidence  of  cockroach-related  allergy,  which 
affects  an  estimated  10  to  15  million  Americans. 

Insects  Affecting  Man  and  Animals  Research  Lab, 

Gainesville,  FL 

Richard  J.  Brenner,  (904)  374-5937 


229 


'1 


Computers 


0230  Teaching  Machines  Their  ABCs 

0231  Ferroelectric  Ram 

Software 

0232  CMSTOOL  Version  1.2 

0233  Documenting  Software  Automatically — The  often  neglected  chore  of 
documenting  software  is  simplified. 

0234  Generating  Semi-Markov  Models  Automatically — The  ASSIST  program 
facilitates  analysis  of  the  behavior  of  a  fault-tolerant  computer. 

0235  Schedule-Organizer  Computer  Program — This  program  provides  a 
simple  method  for  the  generation  of  distribution  lists. 

0236  Schedule-Tracker  Computer  Program — This  program  generates  reports 
on  tasks  that  should  be  completed. 


NIST  Technology  Update 

0    National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 


Teaching  Machines  Their  ABCs 


To  collect  samples  of  handwriting, 
NIST  asked  2,000  employees  from 
the  U.S.  Department  of  the  Census  to 
fill  out  sample  forms  like  this  one. 
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Afirst-of-its-kind  database  containing  over  1,000,000  hand- 
printed characters  has  been  developed  by  the  National 
Institute  of  Standards  and  Technology  to  help  measure  the 
performance  of  systems  designed  to  recognize  handprinted 
numbers  and  letters.  Banks,  insurance  companies,  and  other 
form-processing  organizations  represent  an  enormous  market  for  systems 


that  can  automatically  read  and 
process  handwritten  characters 
on  forms.  Machines  are  available 
to  identify  characters  that  have 
been  printed  by  other  machines, 
such  as  numbers  on  a  bank 
check,  and  then  enter  the  informa- 
tion into  a  data  processing  sys- 
tem. A  few  devices  can  recognize 
handprinted  letters  and  numbers, 
but  only  if  the  writer  carefully 
forms  each  character.  A  machine 
that  can  accurately  read  uncon- 
strained handwritten  script  is 
still  only  a  tantalizing  prospect, 
largely  because  of  the  wide  varia- 
tions in  writing  style. 

Finding  a  standardized  way  to 
measure  performance  of  charac- 
ter recognition  systems  is  an  im- 
portant link  in  developing  the 
technology.  According  to  a  re- 
cent issue  of  Neural  Technology 
Update,  ".   .   .   it  is  very  hard  to 
objectively  and  rigorously  com- 
pare these  character  recognition 
products  .  .  .  because  there  is 
not  yet  any  standard  set  of  char- 
acters or  numbers  by  which  to 
test  recognition  software." 
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"This  database  is  a  big  step  in 
tinat  direction,"  says  supervisory 
mathematician  Charles  Wilson, 
who  managed  the  program.  "It 
will  be  a  key  in  evaluating  a  sys- 
tem under  development  or  com- 
paring systems  to  see  which  per- 
forms best.  Both  uses  are  needed 
to  advance  the  technology," 
explains  Wilson. 

To  efficiently  process  hand- 
writing, a  machine  must  be  able 
to  locate  text  on  a  page,  separate 
text  into  characters,  and  identify 
specific  characters.  The 
database  can  be  useful  in  all 
three  areas,  says  Wilson. 

He  and  his  team  worked 
with  the  U.S.  Bureau  of  the  Cen- 
sus to  collect  samples  of  hand- 
writing. "There  is  a  theory  that 
handwriting,  like  speech,  has 
local  variations  in  different  parts 
of  the  country.  This  database  will 
help  determine  whether  the 
theory  is  valid,"  says  Wilson. 

The  database  consists  of 
2,100  pages  containing  294,000 
numbers  and  728,700  alphabetic 
characters.  Each  page  contains 
33  boxes  for  numbers  and  letters 
and  one  for  printing  the  preamble 
to  the  U.S.  Constitution. 

In  addition  the  NIST  research- 
ers are  working  with  the  U.S.  Inter- 
nal Revenue  Service  to  develop 
more  sophisticated  tests  as  well 
as  a  model  recognition  system. 
Says  Wilson,  "The  best  way  to  un- 


derstand how  these  systems  work 
and  to  develop  generic,  standard 
tests  is  to  build  one." 

So  far,  Wilson  and  his  team 
have  developed  software  to  ac- 
count for  some  of  the  factors  that 
a  recognition  system  would  en- 
counter in  the  real  world.  These 
include  poor  quality  photocopies, 
missing  data,  letters  where  num- 
bers should  be,  and  letters  and 
numbers  written  outside  of  the 
box  on  the  form.  The  team  has 
developed  algorithms  based  on 
neural  network  technology  that 
can  be  used  on  a  parallel  com- 
puter to  recognize  characters.  A 
neural  network  approach  uses 
the  same  principles  as  a  human 
brain  would  for  functions  such  as 
seeing,  learning  language,  or 
manipulating  objects. 

According  to  Wilson  this 
method  allows  characters  to  be 
recognized  in  4  milliseconds 
per  image,  with  greater  than 
99-percent  accuracy  on  machine 
print  and  80-percent  accuracy 
on  unconstrained  handprinted 
characters. 

NIST  Special  Database  1— 
Binary  Images  of  Printed  Digits, 
Alphas  and  Text  is  available  on 
an  ISO  9660  format  CD-ROM  disk 
for  $895.  For  ordering  informa- 
tion, contact  the  Standard  Refer- 
ence Data  Program,  A323  Phys- 
ics BIdg.,  NIST,  Gaithersburg, 
Md.  20899,  301/975-2208. 


0 


U.S.  Navy  Fact  Sheet 


Naval  Surface  Warfare  Center 

Ferroelectric  Ram 


The  ferroelectric  RAM  is  a  nonvolaiile,  radiation  hardened  memory.  It  can  be  turned  off  without  the  loss  of  data. 
It  takes  less  power  than  a  DRAM,  can  have  comparable  density,  and  can  be  made  radiation  hardened.  Its  principle 
uses  are  for  space  and  strategic  applications.  It  may  eventually  become  cheap  enough  for  application  in  home 
computers. 

Recently  a  considerable  amount  of  well-deserved  attention  has  been  devoted  to  ferroelectric  random  access 
memories.  The  attention  is  appropriate  because  the  ferroelecric  RAM  has  more  potential  than  any  other  nonvolatile 
RAM.  Its  success  will  revolutionize  military  systems  and  weapons.  The  ferroelectric  RAM  is  a  modification  of  the 
most  successful  memory  ever,  the  Dynamic  (DRAM). 

The  memory  element  used  in  the  ferroelectric  RAM  or  FRAM  uses  a  single  transistor  and  ferroelectric  capacitor. 
The  circuit  is  as  shown: 

The  circuit  is  the  same  as  is  used  in  a  dynamic  RAM  except  that  a  ferroelecric  material  is  used  in  the  capacitor  and 
the  top  of  the  capacitor  is  active.  By  active  it  is  meant  that  the  top  plate  can  be  taken  high  or  low.  In  other  words 
the  drive  line  can  go  to  +  5  volts  or  ground.  The  transistor  in  each  cell  allows  the  capacitor  to  be  isolated  from  all 
other  memory  elements  in  the  circuit. 

The  memory  has  been  demonstrated  by  both  Krysalis  and  Ramtron  using  P2T  as  the  ferroelectric  material. 
Unfortunately,  P2T  fatigues  and  has  retention  problems.  Other  materials  are  being  investigated  such  as  lead 
germanate. 

FOR  ADDITIONAL  INFORMATION:  For  information  on  licensing  of  this  subject,  contact  the  Naval  Surface 
Warfare  Center,  Mr.  Ramsey  D.  Johnson,  Code  D4,  (301)394-1505. 
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CMSTOOL  was  developed  by  the  U.S.  Navy  to  provide  a  range  of  software  quality 
measurements,  including  CMS-2  source  code  complexity;  programming  standards  and  style  checking; 
and  software  maintenance  indicators. 

CMSTOOL  is  an  automated  software  metrics  tool  for  the  analysis  of  CMS-2  computer  programs. 
The  tool  provides  a  McCabe-based  software  complexity,  measurement,  subtasking  level,  percentages 
of  commenting,  direct  code  usage,  and  high-order  language  in  the  source  code,  program  size,  and  a 
number  of  programming  standards  and  style  indicators.  Seven  quantitative  metrics  and  twelve  standard 
flags  are  generated  by  CMSTOOL.  This  tool  supports  software  quality  assurance  efforts  involved  in 
CMS-2  based  projects. 

CMSTOOL  analysis  of  CMS-2  embedded  computer  programs  allows  the  system  programmers 
and  analysts  to  evaluate  the  software's  characteristics  in  terms  of  modularity,  understandability. 
complexity,  portability,  and  maintainability.  Data  from  the  tool  can  also  be  useful  in  software  test  plan 
phases  to  ensure  that  testing  priority/effort  is  focused  on  the  high-complexity  modules. 

Present  methods  for  extracting  metrics  from  CMS-2  programs  would  be  manual.  Not  only  does 
CMSTOOL  automate  this  process  but  it  is  also  highly  customizable  for  tailoring  the  standards  and 
style  indicators  to  specific,  project  defined  software  development  guidelines. 

The  software  package  for  CMSTOOL  includes  source  program,  executable  code,  VAX  command 
files  to  support  both  interactive  and  batch  processing,  installation/user  notes,  and  a  program 
description  document  formatted  for  laser  printing.  • 


FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson  (Code  D4),  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  (301)394-1505. 
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Documenting  Software 
Automatically 

The  often  neglected  chore  of 
documenting  software 
is  simplified. 

The  Automated  Software  Documenta- 
tion Utility  is  a  package  of  software  de- 
signed to  provide  automated  drafts  of 
manual  documentation  directly  from  com- 
patible C  source  code  in  the  UNIX  environ- 
ment. These  programs  were  designed  to 
simplify  and  streamline  the  crucial  yet 
often  neglected  chore  of  documentation  of 
programs.  Basic  design  goals  were  to 
make  maximum  use  of  the  standard  UNIX 
environment  and  to  ensure  that  there  were 
as  few  constraints  on  the  source  code  as 
possible.  The  implementation  chosen  was 
to  generate  MAN  macro  format  text  files  by 
parsing  input  source  code.  To  provide 
some  flexibility  as  to  the  formats  of  the 
target  documentation,  the  process  was 
divided  between  two  programs:  a  parser 
CSTRIP,  and  a  text  reformatter,  TXMAN. 

The  CSTRIP  program  parses  C  source 
code  from  specified  files  and  extracts  top- 
level  information  from  declarations  ana 
comments.  The  output  is  standard  and 


nominally  consists  of  the  sections  NAME, 
SYNOPSIS,  and  DESCRIPTION.  TfTe  NAME 
sectbn  is  a  list  of  all  global  identifiers.  These 
are  basically  the  identifiers  that  may  be  ac- 
cessible to  the  linker  Identifiers  are  con- 
sidered global  if  they  are  function  or  vari- 
able names  defined  in  the  file  without  static 
storage  class  identifiers.  The  SYNOPSIS 
section  gives  the  types  and  arguments  for 
all  global  identifiers.  The  DESCRIPTION 
section  contains  comments  that  occur  in  a 
global  context.  Commentary  text  is  con- 
sidered to  have  global  context  if  it  is 
associated  with  a  global  identifier  or  argu- 
ment or  is  separated  from  nonglobal  con- 
texts. The  output  produced  from  CSTRIP  is 
in  a  simple  free-format  text  language. 

The  program  TXMAN  provides  an  inter- 
face between  the  output  of  CSTRI P  and  the 
standard  UNIX  text  processor  NROFF  by 
reformating  the  text  to  the  MAN  macro  for- 
mat used  by  the  UNIX  MAN  command.  It 
also  sorts  intermingled  manual  sections 


and  provides  easier  access  to  features  like 
"pagesize"  and  "linelength".  Accordingly 
one  might  prefer  to  use  TXMAN  rather  than 
to  use  the  MAN  macros  directly 

The  Automated  Software  Documenta- 
tion Utility  was  written  in  C  and  Unix  Shell 
for  execution  on  an  HP  9000  series  500 
computer  under  the  HP-UX  release  5.0  op- 
erating system.  It  has  a  central-memory  re- 
quirement of  approximately  57  Kbytes. 
This  utility  was  developed  in  1986. 

This  program  was  written  by  LA. 
Pieniazel<  of  TRW,  Inc.,  for  Johnson 
Space  Center.  MSC-21297/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Generating  Semi-Markov 
Models  Automatically 

The  ASSIST  program 
facilitates  analysis  of 
the  behavior  of  a 
fault-tolerant  computer.      ' 

Because  of  tfieir  flexibility,  semi-Markov 
models  can  be  used  to  describe  the  fault 
behavior  of  any  fault-tolerant  computer  ar- 
chitecture. However,  it  is  impractical  to 
generate  manually  the  large  semi-Markov 
models  needed  to  describe  the  behavior  of 
a  large,  complex  system  accurately  For 
this  reason  the  Abstract  Semi-Markov  Spec- 
ification Interface  to  the  SURE  Tool 
(ASSIST)  program  was  developed  to  gen- 
erate a  semi-Markov  model  automatically 
from  a  description  in  an  abstract,  high-level 
language.  ASSIST  reads  an  input  file  that 
describes  the  failure  behavior  of  a  system 
in  an  abstract  language  and  generates  a 
Markov  model  in  the  format  needed  for  in- 
put to  the  Semi-Markov  Unreliability  Range 
Evaluator  (SURE)  program  (COSMIC  pro- 
gram number  LAR-13789). 

A  Markov  model  represents  a  number  of 
states  of  the  system  and  transitions  be- 
tween those  states.  Each  state  in  the 
model  represents  a  possible  state  of  the 
system  in  terms  of  which  components 
have  failed,  w/hich  ones  have  been  removed, 
etc.  Within  ASSIST  each  state  is  defined  by 
a  state  vector,  each  element  of  which  takes 


on  an  integral  value  within  a  defined  range. 
An  element  can  represent  any  meaningful 
characteristic,  such  as  the  number  of 
working  components  of  one  type  in  the  sys- 
tem or  the  number  of  faulty  components  of 
another  type  in  use. 

A  statement  that  represents  a  transition 
between  states  in  the  model  has  three 
parts:  a  condition  expression,  a  destination 
expression,  and  a  rate  expression.  The  first 
expression  is  a  Boolean  expression  that 
describes  the  state-space-variable  values 
of  states  for  which  the  transition  is  valid. 
The  second  expression  defines  the  desti- 
nation state  for  the  transition  in  terms  of 
state-space-variable  values.  The  third  ex- 
pression defines  the  distribution  of  elapsed 
time  for  the  transition. 

The  mathematical  approach  chosen  to 
solve  a  reliability  problem  may  vary  with 
the  size  and  nature  of  the  problem.  Al- 
though different  solution  techniques  are 
utilized  in  different  programs,  it  is  possible 
to  have  a  common  input  language.  The 
Systems  Validation  Methods  group  at 
NASA  Langley  Research  Center  has  creat- 
ed a  set  of  programs  that  form  the  basis  for 


a  "reliability  analysis"  workstation.  The 
components  are  the  following:  the  SURE 
reliability-analysis  program;  the  PAWS/ 
STEM  reliability-analysis  programs  (COS- 
MIC program  number  LAR-14165)  based 
upon  the  SURE  input  language;  and  ASSIST 
as  the  preprocessor  to  SURE,  RAWS,  and 
STEM. 

ASSIST  is  written  in  PASCAL  for  interac- 
tive execution  and  has  been  implemented 
on  a  DEC  VAX  computer  under  VMS  4.7 
with  a  virtual-memory  requirement  of  ap- 
proximately 88K  of  8-bit  bytes.  ASSIST  was 
developed  in  1986. 

This  program  was  written  by  Sally  C.^ 
Johnson  of  Langley  Research  Center.^ 
LAR-14193/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Schedule-Organizer  Computer  Program 

This  program  provides  a  simple  method  for 
the  generation  of  distribution  lists. 

Ttie  Sctiedule  Organizer  (SO),  Schedule  Tracker  (ST) 
(COSMIC  program  MSC-21526),  and  Sctiedule  Report 
Generator  (SRG)  (COSMIC  program  MSC-21527)  are 
computer  programs  that  manipulate  data-base  files  in  ways 
that  are  advantageous  in  scheduling.  Originally  designed  for 
the  Space  Shuttle  flight  schedule,  the  program  can  be  easily 
modified  for  other  scheduling  situations. 

Schedule  Organizer  provides  a  simple  method  for 
generating  distribution  lists.  These  distribution  lists  contain 
readers'  names  for  each  task  schedule  defined  by  the  input 
files.  Schedule  Tracker  provides  an  effective  method  for 
tracking  tasks  that  are  "past  due"  and/or  "near  term."  ST 
generates  reports  for  each  responsible  staff  member  who  has 
one  or  more  assigned  tasks  that  fall  within  the  two  listed 
categories.  This  enables  an  engineering  manager  to  monitor 
tasks  assigned  to  staff  by  running  ST  on  a  weekly  basis.  ST 
lists  only  reports  on  tasks  that  have  become  past  due  or  are 
scheduled  for  completion  in  the  near  future.  Schedule  Report 
Generator  provides  a  simple  method  for  generating  periodic 
schedule  reports.  SRG  enables  an  engineering  manager  to 
monitor  tasks  assigned  to  staff  members  on  a  weekly  basis. 

SO  contains  a  primary  menu  that  is  displayed  at  the 
beginning  of  the  program.  The  menu  provides  the  following 
options:  to  write  input  files  to  an  output  distribution  file,  to 
change  a  schedule-title  field  and/or  distribution-list  field,  to 
browse  through  the  schedule  and  input  names  file  for 
requested  schedule  numbers,  to  create  an  input  names  file 
and  a  schedule-titles  file,  and  to  delete  input  schedule  titles 
and  associated  names.  SO  provides  a  choice  of  two  input 
files.  One  file  holds  25  groups  of  up  to  25  names  for  each 
group.  The  other  file  holds  25  records.  Each  60-character- 
long  record  holds  a  task-schedule  title  or  it  is  a  blank  entry. 


SO  creates  three  output  files.  One  holds 
the  formatted  list  of  schedule  titles  for  print- 
out. Another  file  holds  the  formatted  dis- 
tribution list  for  printout;  there  is  one  for 
each  input  names  file  schedule  group.  The 
third  output  file  holds  the  schedule  title  of 
the  last  schedule-title  file  deleted  by  the 
user. 

The  time  span  of  SO  is  19  months.  This 
parameter  can  be  modified  by  the  user. 
The  SO  program  requires  the  VMS  Operat- 
ing System  on  a  DEC  VAX  computer  and 
was  written  in  PL/1  and  DEC  Command 
Language  (DCL).  SO  can  be  purchased 
separately  or  in  a  package  (COSMIC  pro- 
gram COS-10021)  containing  SO,  ST  and 
SRG.  SO  was  developed  in  1985. 

This  program  was  written  by  Fernando 
F.  Coliazo  of  Rocl<well  International  Corp. 
for  Johnson  Space  Flight  Center. 
/WSC-27525/7A/ 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC^ 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 


235 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software  # 


Schedule-Tracker 
Computer  Program 

This  program  generates 
reports  on  tasks  that 
should  be  completed. 

ITie  Schedule  Organizer  (SO)  (COSMIC 
program  MSC-21525)  Schedule  Tracker 
(ST),  and  Schedule  Report  Generator  (SRG) 
(COSMIC  program  MSC-21527)  are  com- 
puter programs  that  manipulate  data-base 
files  in  ways  that  are  advantageous  in 
scheduling.  Originally  designed  for  the 
Space  Shuttle  flight  schedule,  the  program 
can  be  easily  modified  for  other  scheduling 
situations. 

Schedule  Organizer  provides  a  simple 
method  for  generating  distribution  lists. 
These  distribution  lists  contain  readers' 
names  for  each  task  schedule  defined  by 
the  input  files.  Schedule  Tracker  provides 
an  effective  method  for  tracking  tasks  that 
are  "past  due"  and/or  "near  term."  STgen- 
erates  reports  for  each  responsible  staff 


member  who  has  one  or  more  assigned 
tasks  that  fall  within  the  two  listed  cate- 
gories. This  enables  an  engineering  mana- 
ger to  monitor  tasks  assigned  to  staff  by 
running  ST  on  a  weekly  basis.  ST  lists  only 
reports  on  tasks  that  have  become  past 
due  or  are  scheduled  for  completion  in  the 
near  future.  Schedule  Report  Generator 
provides  a  simple  method  for  generating 
periodic  schedule  reports.  SRG  enables  an 
engineering  manager  to  monitor  tasks 
assigned  to  staff  members  on  a  weekly 
basis. 

ST  and  SRG  use  the  same  data-base  file 
as  input.  The  common  data-base  file  has  a 
maximum  number  of  400  entries.  Ttie  time 
span  of  all  three  programs  is  19  months. 
Both  of  these  maximum  numbers  can  be 


modified  by  the  user.  ST  requires  the  VMS 
Operating  System  on  the  DEC  VAX  com- 
puter and  was  written  in  PL/1  and  DEC 
Command  Language  (DCL).  ST  can  be  pur- 
chased separately  or  in  a  package  (COS- 
MIC Program  COS-10021)  containing  SO, 
ST  and  SRG.  ST  was  developed  in  1985. 
This  program  was  written  by  Fernando 
F.  Collazo  of  Rocl<well  International  Corp. 
for  Johnson  Space  Flight  Center 
MSC-21526/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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0237  In-Situ  Reactive  Cleaning  of  X-ray  Optics 

0238  Improved  Contacts  For  High-Temperature  Superconductors  (Licensing 
Opportunity) 

0239  High-Definition,  Video-Rate,  Laser-Addressed  Liquid-Crystal  Light-Valve 
Projection  Display  (Licensing  Opportunity) 

0240  Real-Time,  High-Resolution,  3-D  Large-Screen  Display  Using  Laser- 
Activated  Liquid-Crystal  Light  Valves  (Licensing  Opportunity) 

0241  Annular-Bragg-Grating  Surface-Emitting  Laser — Advantages  would 
include  lower  threshold  current,  smaller  size,  and  increased  efficiency. 
(Licensing  Opportunity) 

0242  External  Peltier  Cooler  for  Low-Noise  Amplifier — An  inexpensive  module 
could  be  retrofitted  to  an  existing  amplifier. 

0243  Failures  of  CMOS  Devices  at  Low  Radiation-Dose  Rates — The  failure 
dose  depends  on  the  dose  rate. 

0244  Multi-Quantum-Well  Spatial  Light  Modulators  on  Si  Substrates- 
Features  would  include  short  response  times,  high  resolutions,  and  low 
switching  energies.  (Licensing  Opportunity) 

0245  Unstable-Resonator  Distributed-Bragg-Reflector  Laser — Semiconductor 
laser  stripes  could  be  made  wider  for  higher  power.  (Licensing 
Opportunity) 

0246  Voltage-Boosting  Driver  for  Switching  Regulator — A  capacitative  booster 
supplies  increased  turn-on  voltage  efficiently.  (Licensing  Opportunity) 


Testing  &  Instrumentation 

0247     Magnetoresistance  Magnetometer 

Other  Items  of  Interest 

0231     Ferroelectric  Ram 

0277     Calculating  the  Resistivity  of  a  Deposited  Film — An  iterative  procedure 
computes  the  resistivity  from  measurements  by  the  four-probe  method. 


Technology  Application 


Brook  haven  National  Laboratory 


In-Situ  Reactive  Cleaning  of  X-ray  Optics 


It  was  demonstrated  that  in  favorable  circumstances,  carbon  contamination  could  be  completely  removed  from  X- 
ray  optical  systems  in-situ.  This  makes  possible  spectroscopic  investigations  which  could  not  be  previously 
pursued.  It  turns  out  that  carbon  contamination  is  a  problem  for  various  ultra-high  vacuum  applicatjons,  and  in 
follow-up  studies,  it  was  shown  that  it  is  possible  to  enhance  the  performance  of  accelerator  based  ion  pumps  in- 
situ.  The  key  element  of  the  technology  is  that  is  obviates  the  need  for  disassembly  and  remote  reconditioning  of 
carbon  contaminated  vacuum  elements.  This  can  be  a  great  savings  of  time  and  money,  and  often  the  results 
obtiiincd  by  this  technology  are  superior  to  previous  art  (where  it  existed). 

Potential  Applications/Spinout  Uses:  As  described  above,  any  situation  where  carbon  is  a  problem  in  vacuum. 
Note  that  with  modifications  of  the  process,  it  can  be  extended  to  other  types  of  contamination,  or  for  the  purpose 
of  film  deposition  to  enhance  some  surface  property. 

Literature:  E.  D.  Johnson,  S.  L.  Hulbert,  R.  F.  Garrett,  G.  P.  Williams  and  M.  L.  Knotek,  "Review  of  Scientific 
Insu-uments",  Vol.  58,  No.  6,  June  1987,  pp.  1042-1045;  E.  D.  Johnson,  and  R.  F.  Garrett,  "Nuclear  Insu-uments  and 
Methods  in  Physics  Research  A266",  (1988),  pp.  381-385;  E.  D.  Johnson  and  T.  S.  Chou,  AIP  Conference 
Proceedings  No.,  171,  H.  J.  Halama,  J.  C.  Schuchmann,  and  P.  M.  Stefan,  eds.  (1988)  175. 

FOR  ADDITIONAL  INFORMATION:  Dr.  William  Marcuse,  The  Office  of  Technology  Transfer,  Building 
902-C,  Brookhaven  National  Laboratory,  Upton,  NY  11973;  (516)282-2103.  Refer  to  BNL/AA-52TN. 
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U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Improved  Contacts  For  High-Temperature 
Superconductors 

A  broad-based  method  for  making  vastly  improved  electrical  contacts  to  high-temperature  superconductors  is  the 
subject  of  a  new  patent  issued  to  researchers  at  the  Commerce  Department's  National  Institute  of  Standards  and 
Technology  (NIST)  and  the  Westinghouse  Electric  Corporation.    ■    , 

Jack  W.  Ekin  of  the  NIST  Boulder  (Colo.)  Laboratories  and  Armand  J.  Panson  and  Betty  A.  Blankenship  of  the 
Westinghouse  Science  &  Technology  Center  in  Pittsburgh,  Pa.,  developed  techniques  for  making  ultra-low- 
resistivity  contacts  for  various  kinds  of  high-critical-termperature  ceramic  oxide  superconductors.  Contact 
resistivity  using  these  methods  is  less  than  a  billionth  of  that  of  conventional  indium-solder  contacts. 

The  work  removes  a  serious  obstacle  to  the  commercial  application  of  high-temperature  superconductors  in  both 
large-scale  and  thin-film  devices.  Intense,  worldwide  research  efforts  have  focused  on  new  ceramic  materials  that 
become  superconductors  (losing  all  resistance  to  the  flow  of  electricity)  at  temperatures  far  higher  than  metallic 
superconductors.  These  ceramics  are  generally  copper  oxide  compounds  containing  certain  proportions  of  other 
elements  such  as  yttrium,  bismuth,  thallium,  lead,  strontium,  calcium,  and  barium.  While  metallic  superconductors 
commonly  must  be  cooled  to  less  than  10  kelvins  (less  than  10  degrees  Celsius  above  absolute  zero)  and  require 
liquid-helium  cooling,  many  high-critical-temperature  superconductors  can  operate  at  more  than  77  kelvins  and  use 
much  cheaper  liquid-nitrogen  cooling.  Their  development  has  been  hailed  as  opening  the  economic  door  to  many 
new  applications  of  superconductivity. 

Several  scientific  and  engineering  obstacles  block  wide  commercial  exploitation  of  the  new  materials,  including  the 
difficulty  of  making  good  electrical  contact  at  the  point  where  the  superconductor  must  meet  conventional 
electronic  circuitry.  Poor  contacts  have  high  resistance,  generating  heat  and  voltage,  which  in  turn  limit  the  amount 
of  current  the  superconductor  can  carry,  making  them  unsuitable  for  most  applications. 

A  key  factor  in  the  problem,  the  researchers  found,  is  the  electrical  degradation  of  the  superconductor  surface 
where  it  is  exposed  to  air  -  especially  moisture  in  the  air.  The  newly  patented  methods  include  etching  the 
superconductor  surface  to  achieve  a  non-degraded  state,  or  maintaining  the  non-degraded  state  by  excluding  air 
after  fabrication  of  the  superconductor  until  a  noble  metal  contact  pad  is  deposited  on  the  surface  by  sputtering  or 
evaporation. 

The  methods  have  been  applied  successfully  to  the  main  yttrium-,  bismuth-,  and  thallium-based  high-temperature 
superconductor  compounds  in  both  bulk  and  thin-film  forms.  The  patent  covers  contacts  with  contact  resistivities 
below  a  milliohm-square  centimeter.  Resistivities  below  a  nano-ohm-square  centimeter,  however,  have  been 
achieved  using  the  method. 

FOR  ADDITIONAL  INFORMATION:  The  technology  is  available  for  licensing  under  U.S.  patent  number 
4,963,523,  "High-T^  Superconducting  Unit  Having  Low  Contact  Surface  Resistivity  and  Method  of  Making." 
Interested  parties  should  contact  Bruce  Mattson,  Office  of  Technology  Commercialization,  A343  Physics  Bldg., 
National  InsUtute  of  Standards  and  Technology,  Gaithersburg,  Md.  20899;  301/975-3084. 
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High-Definition,  Video-Rate,  Laser-Addressed 
Liquid-Crystal  Light-Valve  Projection  Display 


This  invention  provides  a  high-definition,  video-rate,  laser-addressed  liquid-crystal  light-valve 
projection  display  on  a  distant  screen  with  an  acceptable  resolution  higher  than  1000  TV  lines.  A  laser 
beam  is  deflected  by  a  laser  raster  scanner  having  an  acousto-optic  modulator,  an  acousto-optic  beam 
deflector  to  tract  the  laser  beam,  an  acousto-optic  horizontal  traveling  lens  deflector  driven  by  a  chirp, 
and  a  high-resolution,  low-speed  acousto-optic  deflector  for  the  vertical  scan.    This  vertical  scan 
scans  a  high-resolution  beam  on  a  liquid-crystal  light  valve  that  in  turn  spatially  modulates  the 
high-intensity  light  from  an  arc  lamp  source  for  projection  onto  a  large  screen. 

U.S.  Navy  Case  Number  71940 


FOR  ADDITIONAL  INFORMATION:  Dr.  Richiird  November  (Code  0144),  Naval  Ocean  Systems  Center,  San 
Dicgo,  CA  92152-5000;  (619)553-2103. 
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Real-Time,  High-Resolution,  3-D  Large-Screen 
Display  Using  Laser-Activated  Liquid-Crystal  Light 
Valves 


A  number  of  viewers  wearing  polarized  glasses  are  presented  real-time,  high-resolution,  three- 
dimensional  projected  images  on  a  distant  screen  at  video  image  signal  rates.  Two  laser  raster  scanners 
each  activate  one  of  two  liquid-crystal  light  valves  with  information  representative  of  left-  or 
right-eye  images.  A  high-intensity  light  source  is  polarized  through  a  prism  so  that  one  component  is 
directed  to  one  liquid-crystal  valve,  and  an  orthogonal  component  reaches  the  other  liquid-crystal  light 
valve.  Both  components  of  the  high-intensity  light  are  modulated  by  the  valves  and  are  reflected  back 
through  the  prism  onto  the  distant  screen.  Laser  diodes  and  solid-state  vertical  and  horizontal 
deflection  components  in  the  laser  raster  scanners  combined  with  the  liquid-crystal  light  valves  and  a 
single  bipolarizing  prism  result  in  a  reliable,  compact  unit  capable  of  providing  long-term  economical 
displays.  Three-dimensional  viewing  in  real  time  gives  planners  a  more  realistic  appraisal  of  features 
such  as  terrain  and  obstacles  so  that  responsive  decisions  may  be  reached  and  decisive  action  may  be 
taken. 

Patent  Number  4,623,219 

FOR  ADDITIONAL  INFORMATION:  Dr.  Richard  November  (Code  0144),  Naval  Ocean  Systems  Center.  San 
Diego,  CA  92152-5000;  (619)553-2103. 
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Annular-Bragg-Grating  Surface-Emitting  Laser 

Advantages  would  include  lower  threshold  current,  smaller  size,  and  increased  efficiency. 


A  proposed  semiconductor  laser  would 
emit  radiation  perpendicularly  to  its  broad 
surface  by  use  of  an  annular  Bragg  grating 
as  ttie  output  coupler  The  proposed  laser 
is  expected  to  produce  a  narrow  output 
beam  and,  in  comparison  withi  a  conven- 
tional surface-emitting  semiconductor 
laser  grating,  is  expected  to  be  smaller,  to 
hiave  lower  tfiresfiold  current,  and  to  be 
more  efficient. 

In  a  conventional  surface-emitting  semi- 
conductor laser  grating,  a  second-order 
Bragg  grating  of  straighit,  parallel  lines  is 
positioned  at  one  or  botfi  end(s),  of  a  long, 
straigfit  gain  region  (see  Figure  1).  This 
gain  region,  or  laser  stripe,  must  be  wide  to 
obtain  a  narrow  output  beam.  Further- 
more, it  must  be  longer  than  it  is  wide  to 
prevent  cross-lasing.  As  a  result,  the  gain 
region  is  fairly  large  and  has  a  correspond- 
ingly high  threshold  current. 

The  proposed  semiconductor  laser 
would  have  a  multi-quantum-well  structure 
with  a  microcavity  defined  in  part  by  the 
Bragg  surface  grating  (see  Figure  2).  In- 


stead of  attempting  to  make  the  light  in  the 
gain  region  move  in  a  parallel  beam  toward 
a  straight  output  grating,  the  gain  region 
would  be  shortened  and  narrowed  to  a 
small  circle,  from  which  the  light  would  be 
allowed  to  spread  out  radially  to  the  annu- 
lar output  grating. 

The  scaling-down  of  the  gain  region 
would  increase  the  laser  gain.  The  use  of 
the  multiple-quantum-well  active  region 
should  make  it  possible  to  achieve  the  re- 
quired gain,  even  while  increasing  the  re- 
quired pump-current  density. 

The  grating  would  not  be  extended  un- 
derneath the  narrow  stripe  of  metal  leading 
to  the  circular  contact  above  the  gain  re- 
gion or  on  the  opposite  side  of  the  contact. 
This  feature  would  favor  oscillation  in  the 
first-order  mode  rather  than  in  the  zeroth- 
order  mode.  The  first-order  mode  has  a  null 
under  the  narrow  contact  stripe,  and  con- 
sequently there  would  be  little  or  no  unde- 
sired  absorption  from  the  stripe. 

This  work  was  done  by  Robert  J.  Lang 
of  Caltech  for  NASA's  Jet  Propulsion 


Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NP0-17912/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Ctiapman 
tVlail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  h/lcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Teclinology  Utilization 
l\/lgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Figure  1  A  Conventional  Grating  Surface-Emitting  Semicon- 
ductor Laser  fias  a  relatively  long,  wide  gain  region  and  an  output 
Bragg  grating  of  straight,  parallel  lines. 


Figure  2  The  Proposed  Grating  Surface-Emitting  Semiconductor 

Laser  would  have  a  small,  circular  gam  region  surrounded  by  an  annular 
Bragg  grating. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  PC  Box  8757. 
BWI  Airport,  t/D  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUIVlBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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External  Peltier  Cooler  for  Low-Noise  Amplifier 

An  inexpensive  module  could  be  retrofitted  to  an  existing  amplifier. 


An  inexpensive  Peltier-effect  cooling 
nnodule  made  of  a  few  connnnercially  avail- 
able parts  could  be  used  to  reduce  thermal 
noise  in  a  microwave  amplifier  The  module 
can  be  retrofitted  to  almost  any  microwave 
low-noise  amplifier  or  receiver  preamplifi- 
er used  in  communication,  telemetry,  or 
radar  Previously  to  take  advantage  of 
cooling  by  the  Peltier  effect,  it  was  neces- 
sary to  replace  the  entire  amplifier  by  one 
that  contains  a  built-in  Peltier  cooling  chip. 
Other  amplifiers  have  been  cooled  by  liquid 
nitrogen,  which  is  expensive. 

Jhe  retrofitted  cooling  module  (see  fig- 
ure) includes  a  copper  or  aluminum  cold 
plate  that  is  held  tightly  against  the  unit  to 
be  cooled  by  strap-type  worm-gear  clamps 
(known  popularly  as  "hose  clamps").  The 
Peltier-effect  heat  pump  transfers  heat 
from  the  cold  plate  to  a  finned  heat  sink, 
through  which  air  is  drawn  by  a  fan.  A  sili- 
cone heat-transfer  grease  improves  the 
thermal  conductances  of  the  interfaces 
between  the  Peltier  chip  and  the  cold  plate 
and  between  the  Peltier  chip  and  the  finned 
heat  sink.  The  unit  to  be  cooled,  the  cold 
plate,  and  the  exposed  sides  of  the  Peltier 
chip  are  covered  with  sprayed  foam  insula- 
tion. 

The  retrofitted  module  can  reduce  the 
temperature  of  the  cooled  amplifier  by  as 
much  as  50  °C.  Under  appropriate  condi- 
tions, this  could  result  in  an  increase  in  gain 
of  2.5  dB  and  a  decrease  in  noise  of  0.25 
dB. 

This  work  was  done  by  Terry  A.  Soper  of 
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The  Peltier-Effect  Cooling  Module  would  be  strapped  onto  the  amplifier  to  be  cooled. 

Lockheed  Engineering  and  Management        No  further  documentation  is  available. 
Sen/ices  Co.  for  Johnson  Space  Center.        /WSC-2/422/7'/V 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240:  (301)  621-0100  Ext  241 
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Failures  of  CMOS  Devices  at  Low  Radiation-Dose  Rates 

The  failure  dose  depends  on  the  dose  rate. 


A  method  for  obtaining  approximate  fail- 
ure-versus-dose-rate  curves  has  been  de- 
rived from  experiments  on  the  failures  of 
SGS  4007  complementary  metal  oxide/ 
semiconductor  (CMOS)  integrated  circuits 
irradiated  by  Co^  and  Cs''^''  radioactive 
sources.  The  experiments  had  focused  on 
the  effects  of  the  dose  rate  on  the  total  fail- 
ure dose  and  on  the  possible  existence  of  a 
different  failure  mechanism  at  low  dose 
rates. 

Four  SGS  4007  devices  were  irradiated 
by  Co^o  at  20  rad(Si)/s,  four  at  0.50 
rad(Si)/s,  and  three  at  0.014  rad(Si)/s.  Three 
devices  each  were  irradiated  by  Cs''^^  at 
0.021  rad(Si)/s  and  0.010  rad(Si)/s.  The  de- 
vices were  connected  to  an  HP4062C 
Semiconductor-Parameter  Test  System, 
which  applied  the  appropriate  biases  and 
measured  drain-to-source  leakage  cur- 
rents and  threshold  voltages.  For  the  pur- 
pose of  this  study,  failure  was  deemed  to 
occur  when  the  current  or  voltage  parame- 
ter in  question  exceeded  the  value  speci- 
fied by  the  manufacturer  or  the  JPL  project 
requirement. 
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The  Failure  Dose  varies  with  the  dose  rate. 
Note  that  the  failure  dose  is  low  at  low  dose 
rates,  indicating  the  existence  of  a  low- 
dose-rate  failure  mechanism. 

The  data  obtained  in  these  experiments 
show  that  the  failure  dose  increases  with 
the  dose  rate,  reaching  a  peak  at  a  dose 
rate  of  ~1  rad(Si)/s,  then  decreasing,  then 
leveling  off  above  '^200  rad(Si)/s  (see  fig- 
ure). The  low-dose  portion  of  these  data 
adds  to  the  evidence  of  a  different  failure 
mechanism  at  low  dose  rates,  and  the  ex- 
perimenters recommend  that  other  radia- 


tion-effects researchers  investigate  this 
phenomenon. 

Examination  of  the  plots  of  these  data 
suggested  an  economical  way  to  obtain  an 
approximation  to  the  parameter-failure- 
versus-dose-rate  curve  and  to  determine, 
without  having  to  irradiate  the  device  to 
failure,  that  dose  rate  at  which  a  device 
would  fail  before  it  would  fail  at  any  other 
dose  rate.  Plotting  a  parameter  (e.g.,  thresh- 
old voltage  shift)  that  decreases  with  the 
dose  rate  indicates  clearly  the  dose  rate  at 
which  the  parameter  is  most  sensitive  to 
radiation  and  will  reach  a  failure  value  first. 
Plotting  the  reciprocal  of  an  increasing 
parameter  (e.g.,  the  drain-to-source 
leakage  current)  versus  the  dose  rate 
yields  a  first  approximation  to  the  failure 
curve,  even  though  the  total  dose  is  less 
than  the  failure  dose. 

This  work  was  done  by  Charles  A. 
Goben  and  William  E.  Price  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17868/TN 
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Multi-Quantum-Well  Spatial  Light  Modulators  on  Si  Substrates 

Features  would  include  short  response  times,  high  resolution,  and  low  switching  energies. 


A  proposed  new  class  of  two-dimen- 
sional spatial  light  nnodulators  (SLM's) 
would  be  based  on  the  fabrication  of  multi- 
quantum-well  (MOW)  structures  (e.g.,  of 
AIGaAs  and  InGaAs)  on  silicon  substrates. 
SLM's  are  essential  components  of  optical 
data  processing  systems.  At  present, 
large-format,  high-speed  SLM's  with  low 
power  consumption  are  not  available. 

The  new  concept  is  to  make  two-dimen- 
sional SLM  arrays  by  taking  advantage  of 
the  mature  technology  of  silicon  charge- 
coupled  devices  (CCD's),  recent  develop- 
ments in  the  technology  of  GaAs/Si  inter- 
faces, and  continuing  research  on  MQW 
and  other  artificial  microstructures  made 
of  elements  from  Groups  II  and  V  of  the 
periodic  table.  The  following  technological 
advances  are  particularly  relevant  to  the 
fabrication  of  promising  new  MQW  SLM 
structures: 

•  The  development  of  high-resistivity  silicon 
and  the  concomitant  ability  to  make  deep 
depletion  layers  in  silicon, 
•The  development  of  advanced  etching 
techniques  that  make  it  possible  to  thin 
CCD's  and  CCD-like  structures  to  mem- 
branes no  thicker  than  the  depletion 
depth,  and 
•The  development  of  techniques  for  the 
laser-assisted  deposition  of  GaAs  on 
CCD's  and  other  silicon-based  multiplex- 
ing devices  at  temperatures  low  enough  to 
avoid  damage  to  previously  deposited 
metal  gates. 

The  proposed  device,  illustrated  schemat- 
ically in  the  figure,  would  operate  in  an  ab- 
sorptbn/reflection  mode  using  an  AIGaAs/ 
GaAs  MQW  structure.  The  absorption  in 
the  MQW  structure  is  caused  by  the 
quantum-confined  Stark  effect  (QCSE). 
Such  MQW  structures  have  been  shown  to 
have  short  response  times  and  low  switch- 
ing energies.  In  addition  to  the  circuitry  for 
the  CCD-like  structure  with  which  the 


1 


This  Multi-Quantum- 
Well  Spatial  Light  Mod- 
ulator would  include  a 
Si  CDD-like  device  in- 
tegrated monolithically 
with  an  InCaAs/CaAs- 
multiple-quantum-well 
device. 


MQW  portion  of  the  SLM  would  be  inte- 
grated, the  silicon  portion  of  the  monolithic 
device  could  also  include  other  signal- 
processing  and/or  logic  circuitry. 

Di rectly  on  top  of  the  back  su rf ace  of  the 
silicon  CCD  would  be  a  strained-layer 
superlattice  (SLS)  buffer  layer  This  layer 
lowers  the  defect  density  at  the  interface 
and  enhances  the  transmission  of  the 
modulating  electric  field  to  the  MQW  struc- 
ture. Between  the  buffer  layer  and  the 
MQW  stack  is  an  AIGaAs/GaAs  '74 -wave 
reflector  that  reflects  the  optical  read- 
beam  back  through  the  MQW  structure 
and  prevents  the  beam  from  entering  the 
silicon  CCD. 

It  would  not  be  necessary  to  incorporate  • 
any  of  the  two-dimensional  SLM  structure 
into  the  MQW  layers;  instead,  the  size  and 
resolution  of  the  two-dimensional  array 
would  be  determined  by  the  stucture  of  the 
silicon  CCD-like  part  of  the  device.  The 
CCD-like  array  would  transfer  the  charge 
or  voltage  pattern  to  the  laterally  uniform 
MQW  layers,  which  would  have  only  a 
single  common  electrode. 

The  SLM's  should  be  optically  and  elec- 
trically addressable.  The  electrically  ad- 
dressable mode  is  the  more  significant 
capability  because  of  the  lack  of  large- 
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vormat,  high-speed  electrically  address- 
able devices. 

This  work  was  done  by  James  A.  Cutts, 
Joseph  Katz,  and  Philip  J.  Dumont  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NP0-17651/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
IVIail  Code  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
f^gr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Unstable-Resonator  Distributed-Bragg-Reflector  Laser 

Semiconductor  laser  stripes  could  be  made  wider  for  higher  power. 


A  proposed  distributed-Bragg-reflector 
(DBR)  semiconductor  laser  would  tiave 
wide  curved  gratings  tliat  would  favor 
single-mode  operation,  even  witin  a  re- 
latively wide  laser  stripe.  The  use  of  a  wider 
stripe  would  enable  the  use  ot  higher 
power. 

A  DBR  laser  consists  of  a  semiconduc- 
tor double  heterostructure  laser  bounded 
at  each  end  by  a  region  of  passive  wave- 
guide. A  Bragg  grating  with  a  spatial  period 
equal  to  half  the  wavelength  of  the  laser 
light  is  etched  on  the  surface  of  each 
waveguide  end.  These  Bragg  gratings  act 
as  feedback  reflectors.  Some  of  the  light 
traveling  within  the  waveguide  is  diffracted 
back  along  the  waveguide,  providing  feed- 
back for  laser  operation. 

A  conventional  DBR  laser  has  a  straight 
plane  parallel  grating  (upper  part  of  figure) 
which  acts  as  a  highly-frequency-selective 
planar  mirror.  If  the  laser  stripe  is  made 
wider  than  about  10  /^m,  it  becomes 
unstable,  oscillating  in  multiple  lateral  elec- 
tromagnetic modes.  Because  such  modes 
degrade  the  far-field  pattern  of  the  output 
beam  and  because  straight  gratings  have 
poor  discrimination  among  such  modes, 
conventional  DBR  lasers  have  been  made 
with  narrow  laser  stripes. 

The  proposed  DBR  semiconductor  laser 
(lower  part  of  figure)  would  have  a  wide 
laser  stripe  and  first-order  gratings  that 
would  curve  away  from  the  stripe,  with 
typical  radii  of  the  order  of  1  cm.  The 
gratings  would  act  as  highly-frequency- 
selective  cuTs^ed  mirrors,  the  equivalent 
cun/atures  of  which  would  be  such  that  the 
device  would  operate  as  an  unstable 
resonator  Such  resonators  are  known  to 
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PROPOSED  DEVICE 

Conventional  and  Proposed  DBR  Semicon- 
ductor Lasers  have  straight  and  curved  grat- 
ings, respectively  The  conventional  device 
has  to  have  a  narrow  laser  stripe  to  operate 
in  a  single  lateral  nnode.  The  proposed 
device  would  have  a  wide  laser  stripe,  yet 
would  operate  in  a  single  longitudinal  and 
single  lateral  mode. 


discriminate  strongly  among  lateral  modes 
in  macroscopic  lasers  and  have  been 
demonstrated  to  yield  stable  field  patterns 
in  semiconductor  lasers  with  etched  mir- 
rors. The  curved  grating  would  improve 
single-mode  behavior.  In  addition,  it  should 
be  possible  to  adjust  the  reflectivities  of  the 
mirrors  by  tailoring  the  depths  of  the 
gratings  across  the  device. 

This  work  was  done  by  Robert  J.  Lang 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  witfi  Public  Law  96-517, 
ttie  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
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Edward  Ansel  I 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17906/TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  t^cCaul 
Mall  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
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Voltage-Boosting  Driver  for  Switching  Regulator 

A  capacitative  booster  supplies  increased  turn-on  voltage  efficiently. 


A  driver  circuit  assures  the  availability  of 
the  10-  to  15-V  gate-to-source  voltage  need- 
ed to  turn  on  the  n-channel  metal  oxide/semi- 
conductor field-effect  transistor  (MOSFET) 
that  acts  as  the  switch  in  a  switching  voltage 
regulator  The  driver  includes  a  voltage-boost- 
ing circuit  that  efficiently  provides  a  gate 
voltage  10  to  15  V  above  the  supply  voltage. 
The  driver  contains  no  exotic  parts  and  does 
not  require  an  additional  power  supply 

The  driver  is  an  integral  part  of  the  switch- 
ing regulator  and  is  illustrated  schennatically 
in  the  figure.  The  driver  consists  of  a  NAND 
gate  and  a  dual  voltage  booster  operating 
in  conjunction  with  a  pulse-width  modulator 
that  is  also  part  of  the  regulator  The  driver 
turns  switch  M.,  on  and  off  at  the  pulse  rate 
of  40  kHz  (set  by  the  pulse-width  modulator). 
The  regulated  output  voltage  is  controlled 
by  controlling  durations  of  the  pulses  and, 
thereby  of  the  "on"  and  "off"  periods  of  the 
switch.  These,  in  turn,  are  controlled  by  the 
pulse-width  modulator  which  responds  to 
the  feedback  voltage  signal  by  adjusting  the 
durations  and  phases  of  the  pulse  trains  CA 
and  CB  that  it  puts  out.  When  CA  and  CB 
are  both  high,  M^  is  held  off  by  the  NAND 
gate.  When  either  CA  or  CB  is  low,  M.,  is 
turned  on.  (Internal  logic  in  the  pulse-width 
modulator  prevents  both  CA  and  CB  from 
being  low  at  the  same  time.) 

The  dual  voltage  booster  is  based  on  the 
well-known  capacitive-voltage-booster  prin- 
ciple. Assume,  for  example,  that  during  the 
first  part  of  a  cycle,  CA  is  high  and  CB  is 
low.  Q3  is  saturated,  and  its  collector  is 
-0.2  V  below  the  filtered  28-Vdc  supply  C3 
was  charged  to  about  13.5  V  during  the  sec- 
ond part  of  the  preceding  cycle,  causing  the 
anode  of  Dg  to  be  -13.5  V  above  the  col- 
lector of  Q3  and  enabling  the  gate  of  M^  to 
be  -12.5  V  above  the  filtered  28-Vdc  sup- 
ply This  voltage  is  more  than  enough  to  keep 
M.|  switched  on  (except  when  the  NAND 
gate  keeps  it  off).  During  this  part  of  the  cy- 
cle, C2  is  being  charged  via  Dg  and  Rg. 


Filtered  28-Vdc 
Supply 


To  Be 
'  Delermlned 


01.  02.  Q3:2N2907  M2;  2N6788 

M1:2N6764  D4  Through  Dg:  1N4148 


The  Driver  Circuit,  consisting  of  the  NAND  gate  and  the  dual  voltage  booster,  provides  a  voltage 
~  12.5V  above  the  28-V  supply  to  turn  on  switching  transistor  M  . 


0 


During  the  second  part  of  the  cycle,  CA 
is  low  and  CB  is  high.  Qj  is  saturated  and 
its  collector  is  -0.2  V  below  the  filtered 
28-Vdc  supply  The  charge  accumulated  on 
C2  during  the  first  part  of  the  cycle  is  suffi- 
cient to  keep  the  gate  of  M.,  -12.5  V  above 
the  filtered  28-Vdc  supply  and  thus  turned 
on  (except  when  the  NAND  gate  keeps  it 
off).  During  this  part  of  the  cycle,  C3  is  be- 
ing charged  via  D^  and  R.|q.  During  both 
parts  of  the  cycle,  Dj  and  R3  prevent  the 
gate-to-source  voltage  from  exceeding  the 
rated  value  for  M.,  and  assure  reasonable 
operation  in  the  event  of  a  small  load  (even 
an  open  circuit). 

The  driver  can  be  made  of  readily  avail- 
able, inexpensive  components.  It  could  even 
be  made  as  an  integrated  circuit,  possibly 
integrated  with  the  pulse-width  modulator 
by  a  process  similar  to  that  used  to  make 
the  pulse-width  modulator  It  can  operate 
over  a  wide  range  of  primary  supply  voltage, 
pulse  rate,  and  temperature 


This  work  was  done  by  Ronald  C. 
Trump  of  Honeywell,  Inc.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-28437/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 
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Magnetoresistance  Magnetometer 

The  magnetoresistance  magnetometer  is  inexpensive,  small,  and  amenable  to  economical  mass  production 
techniques.  It  is  useful  for  measuring  magnetic  fields  between  1  oersted  and  10'      oersted.  It  is  useful  for  a 
compass,  for  traffic  signals,  and  for  detecting  vehicles,  guns,  ships,  etc.  It  also  has  been  used  to  detect  stolen  tools. 
It  is  inexpensive,  costing  about  7  cents  per  chip. 

The  detection  of  magnetic  fields  is  a  common  function  of  many  systems.  Magnetometers  of  various  types  find 
their  way  into  torpedoes,  mines,  buoys,  intrusion  detectors,  vehicle  detectors,  and  magnetic  anomaly  detectors,  to 
name  a  few  systems.  There  are  wide  ranges  in  the  field  levels,  dynamic  ranges,  and  frequency  of  fields  which  must 
be  detected.  System  level  requirements  impose  constraints  such  as  the  maximum  power  consumption,  the  physical 
size  and  the  environmental  conditions.  With  such  a  broad  "market"  for  magnetic  field  sensors,  virtually  any  device 
which  has  performance  advantages  over  others  will  find  its  technological  niche. 

The  sensor  element  of  the  magnetoresistance  magnetometer  is  physically  very  small  and  readily  amenable  to 
economical  mass  production  techniques  such  as  those  used  in  the  fabrication  of  integrated  circuits.  Indeed,  it  is 
^  easily  conceivable  that  the  necessary  support  electronics  (amplifiers,  for  example)  can  be  fabricated  on  the  same 

substrate  as  the  sensor,  with  an  ensuing  reduction  in  size  and  increase  in  reliability. 

The  magnetoresistance  magnetometer  consists  of  a  small  chip  with  four  connections.  The  chip  has  a  thin  film  of 
permalloy  deposited  on  it  which  is  etched  to  form  a  "wheatstone  bridge."  A  small  permanent  magnet  is  also  needed 
to  bias  the  thin  film.  The  permanent  magnet  ahgns  the  magnetization  of  the  film  along  a  direction.  The  field  to  be 
measured  is  directed  perpendicular  to  the  field  from  the  permanent  magnet.  Each  arm  of  the  wheatstone  bridge  is 
made  up  of  a  magnetoresistor  which  changes  resistance  when  the  magnetization  rotates.  Thus  a  field  directed 
perpendicular  to  the  field  applied  by  the  permanent  magnet  and  in  the  plane  of  the  film  changes  the  resistors  so  the 
bridge  becomes  unbalanced  in  proportion  to  the  field  being  measured. 

FOR  ADDITIONAL  INFORMATION:  For  information  on  licensing  of  this  subject,  contact  the  Naval  Surface 
Warfare  Center,  Mr.  Ramsey  D.  Johnson,  Code  D4,  Silver  Spring,  MD  20903,  (301)394-1505. 
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Technology  Application 


Sandia  National  Laboratory 

Computer-Aided  Molecular  Design  Applied  to  Coal 
Research 


Using  a  first-ever  application  of  computer-aided 
molecular  design  (CAMD)  in  coal  research,  Sandia  Na- 
tional Laboratories  scientists  are  studying  coal  mole- 
cules and  catalysts,  looking  for  ways  to  improve  the 
efficiency  of  converting  coal  to  a  liquid  fuel. 

Coal  is  the  nation's  most  abundant  fossil  fuel.  Ex- 
panded use  of  these  coal  supplies  to  produce  liquid  fuels 
has  been  proposed  in  the  past  as  a  way  of  reducing  oil 
imports  to  the  U.S. 

Coal-derived  liquid  fuels  also  have  much  lower  en- 
vironmental impact  than  coal  because  sulfur  and  nitro- 
gen are  removed  in  the  liquefaction  process.  However, 
Gary  Carlson  of  the  Sandia  Fuel  Science  Division  says 
methods  still  must  be  developed  to  make  such  fuels  less 
expensively. 

"With  the  best  current  technology  for  liquefying 
coal,  we're  still  about  $10  a  barrel  higher  than  the  price 
of  crude  oil-derived  fuels  despite  recent  oil  price  in- 
creases," Carlson  says. 

Applied  to  study  coal  molecules 

Currently,  coals  are  liquefied  by  heating  them  in  a 
hydrocarbon  liquid  and  using  catalysts  containing  mo- 
lybdenum and  nickel  treated  with  sulphur  to  decrease 
the  temperature  needed  to  make  the  process  work. 
However,  these  catalysts  are  expensive  and  deactivate 
rapidly.  New  catalysts  are  needed  to  help  liquefy  coal 
under  less  heat  and  pressure. 


Three  years  ago  Sandia  scientists  began  experiment- 
ing with  computer-aided  molecular  design,  which  was 
first  used  by  the  pharmaceutical  industry  to  model 
organic  molecules.  At  Sandia,  CAMD  was  for  the  first 
time  adapted  to  guide  the  synthesis  of  "designer  cata- 
lysts" for  the  direct  conversion  of  methane  to  methanol. 

Then  a  year  ago  the  same  advanced  computer  tech- 
niques were  applied  to  study  coal  molecules  and  their 
reactivity  in  the  coal  conversion  process.  The  Fuel 
Science  and  Process  Science  divisions  have  been  working 
with  coal  liquefaction  for  years  and  routinely  carry  out 
reactions  with  coal,  coal-like  liquids,  and  coal-derived 
liquids. 

"Although  we  talk  about  studying  coal  molecules, 
there  is  actually  no  unique  definition  of  a  coal  molecule," 
Carlson  says.  "There  may  be  thousands  of  different 
molecular  species  because  of  the  way  coal  originated 
from  decaying  vegetation." 

Molecules  manipulated  In  3-D 

Over  the  years  chemists  have  proposed  various  av- 
erage molecular  structures  for  coal,  and  during  the  past 
year  Carlson  has  used  CAMD  to  analyze  the  structures 
of  several  proposed  bituminous  coal  models. 

"People  have  built  2-D  physical  models  of  coal  for 
years,"  Carlson  says.  "But  seeing  a  model  on  the  screen 
in  an  energy-minimized  3-D  representation — rotating  it, 
moving  it  around  in  \'arious  directions,  changing  its  size 


Structure  of  bituminous 
coal:  Above,  from  {he  liter- 
ature. Near  right,  initial 
CAfvlD-generated  structure; 
far  right,  energy-minimized 
structure. 
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by  zooming  in  and  out — can  give  you  a  lot,  of  new 
information.  Some  of  this  information  can  be  directly 
compared  with  experimental  results." 

The  computer  produces  impressive  graphic  displays 
of  postulated  coal  molecules,  but  it  does  more  than  just 
create  pretty  pictures.  It  helps  researchers  determine 
the  most  probable,  or  minimum  energy,  structure  for  a 
coal  molecule.  After  that,  they  can  locate  accessible 
chemical  bonds  that  look  like  they  might  be  susceptible 
to  attack  by  a  chemical  reagent  or  catalysts. 

Manipulating  the  molecules  in  3-D  allows  research- 
ers to  see  where  weak  spots  in  the  molecular  structure 
may  be,  even  allowing  "mapping"  that  could  show  where 
to  target  catalysts  to  take  coal  apart  more  effectively. 

"If  you  can  better  determine  how  coal  is  put  to- 
gether," Carlson  says,  "then  you  stand  a  chance  of 
becoming  a  little  more  clever  than  we  have  been  in  the 
past  in  determining  how  best  to  take  it  apart.  Take  it 
apart  for  what?  Well,  to  make  liquids — liquid  transpor- 
tation fuels,  petroleum  substitutes  and  that  sort  of 
thing." 

"The  more  efficient  means  of  coal  liquefaction  cur- 
rently being  developed  offer  the  promise  of  economically 


using  our  large  reserves  of  coal  to  produce  liquid  fuels," 
Carlson  says. 

In  July  Carlson  presented  his  results  in  an  invited 
paper  at  the  Gordon  Research  Conference  on  Fuel 
Science  held  in  New  Hampton,  New  Hampshire.  He  has 
also  presented  his  data  at  several  universities  and  com- 
panies interested  in  coal  conversion.  Based  on  his  work, 
a  number  of  collaborative  studies  have  now  been  initi- 
aled or  are  under  discussion,  coupling  Sandia's  com- 
puter modeling  capabilities  with  experimental  work  by 
others.  a 
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Technology  Application 


Ames  Laboratory 

Low-Frequency  Sonication  Improves  Advanced  Coal 
Cleaning 


AMES  LABORATORY,  IOWA  STATE  UNIVERSITY,  AMES,  lA.      Concern  for  reducing  our  nation's 
increasing  dependence  on  imported  oil  has  driven  the  search  for  innovative  means  of  producing 
coal-based  replacements  for  oil.  Coal-water  slurries  offer  a  promising  alternative  but  most 
applications  require  very  clean  coal. 

The  most  effective  physical  coal  cleaning  processes  involve  the  use  of  column  flotation 
or  selective  oil  agglomeration  to  separate  coal  from  its  impurities.  However,  these  treatments 
can  be  costly  and  reduce  the  economic  benefits  of  using  coal  as  an  alternative  to  oil. 

Ames  Laboratory  researchers  have  addressed  this  problem  and  found  that  sonic  energy 
provides  an  economical  and  efficient  means  of  improving  advanced  physical  coal  cleaning 
processes.  By  exposing  coal  to  low  frequency  sonic  energy,  undesirable  surface  coatings  are 
removed.  This  permits  more  effective  and  economical  separation.  Because  sonic  energy  can  be 
transmitted  through  water,  this  technique  is  especially  well-suited  for  cleaning  coal-water 
slurries. 

Sonic  energy  is  applied  with  transducers  operating  in  the  audible  range  from  2.5  to  10 
kHz  frequency.  The  treatment  is  quick;  exposure  for  several  seconds  removes  clay  and  mineral 
coatings.  These  coatings  are  particularly  troublesome  because  they  make  coal  to  behave  like  a 
mineral.  They  also  consume  costly  quantities  of  surface  activating  reagents  used  to  separate  coal 
from  its  associated  impurities. 

Because  sonic  treatment  is  effectively  carried  out  at  room  temperature  and  standard 
pressure,  improved  coal  product  recovery  and  quality  are  achieved  at  relatively  low  cost — 
sonic  treatment  costs  less  than  $1  per  ton. 

Experiments  are  now  underway  to  provide  a  better  understanding  of  how  sonic  energy 
affects  coal  and  mineral  surface  charge,  bubble  attachment  time,  and  flotation  response.  These 
are  important  parameters  of  advanced  coal  cleaning  processes.  Results  will  be  used  to  design 
more  effective  cleaning  techniques  to  better  exploit  our  nation's  most  abundant  energy  resource- 
coal.  A  novel  surface-characterization  procedures  has  been  developed  in  conjunction  with  this 
project  and  is  being  considered  for  a  patent. 


Literature:  W.  H.  Buttcrmorc,  B.  J.  Slomka,  and  M.  R.  Dawson,  "The  Sonic  Enhancement  of 

Physical  Coal  Cleaning,"  in  Proc.  of  the  6th  Annual  Coal  Prejmration,  Utilization,  and 

Environmental  Control  Contractors  Conference,  August  6-9,  1990,  Pittsburgh,  PA,  pp.  283-289. 

Patent/License  Status:    Patent  application  filed. 

Potential  Applications/Spinoffs:  Advanced  coal  cleaning,  advanced  methods  for  surface 

analysis  of  solids. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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Silver  Oxide  (AgO)  Cathode 


Silver  oxide/zinc  (AgO/Zn)  primary  reserve  batteries  are  in  widespread  use  for  various  military 
applications.  The  AgO  cathodes  are  electrochemically  formed  by  anodization  of  sintered  silver  plates. 
In  the  reserve  configuration,  the  KOH  electrolyte  is  separated  from  the  remainder  of  the  cell  to 
prevent  self-discharge  of  the  battery  during  storage.  Nevertheless,  the  high  decomposition 
(self-discharge)  rate  of  many  AgO  cathode  materials  during  reserve  battery  storage  remains  a  problem 
of  great  concern.  This  thermal  instability  can  result  in  severe  degradation  in  battery  discharge 
performance.  For  instance,  AgO  decomposes  to  form   Ag20,  which  has  a  much  higher  ohmic 
resistance  and  causes  a  voltage  regulation  problem.  The  evolved  O2  increases  the  internal  cell 
pressure,  which  can  cause  an  activation  problem  by  preventing  adequate  injection  of  the  KOH 
electrolyte  into  the  cells.  Furthermore,  the  reaction  between  the  evolved  Ot  and  the  Zn  anode,  forming 
a  film  of  ZnO,  results  in  increased  polarization  after  activation.  Capacity  losses  at  both  electrodes  are 
also  an  obvious  consequence  of  these  processes.  It  is  apparent  that  performance  degradation  problems 
with  these  batteries  are  related,  ultimately,  to  the  decomposition  of  the  AgO  cathode  during  storage  of 
the  battery  in  the  weapon.  As  a  result,  such  batteries  need  to  be  replaced  periodically  at  great  expense 
to  the  Navy. 

We  have  developed  a  new  AgO  cathode  material  that  has  extremely  high  thermal  stability.  The 
standard  charging  procedure  for  sintered  silver  was  modified  by  performing  the  charging  at  elevated 
temperatures  (70°  to  110°C).  It  was  postulated  that  AgO  material  formed  at  high  temperature  should 
possess  superior  thermal  stability;  the  formation  of  less  stable  modifications  of  the  material  would  be 
impeded  during  the  preparation  procedure.  Additionally,  it  is  well  known  that  thermally  stable, 
chemically  prepared  AgO  material,  used  in  low-rate  batteries,  is  synthesized  at  elevated  temperature. 

The  new  material  was  found  to  have  extremely  high  thermal  stability  with  a  decomposition 
activation  energy  Eg  of  146  kJ/mol  determined  by  thermogravimetry.  The  Eg  values  of  other  AgO 
materials  range  from  100  to  133  kJ/mol.  The  excellent  thermal  stability  of  the  new  material  was 
confirmed  by  an  accelerated  aging  study.  Details  of  the  preparation  procedure  and  properties  of  the 
new  AgO  material  can  be  found  in  the  patent  disclosure. 


Patent  Disclosure,  Navy  Case  Number  71677 


FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson  (Code  D4),  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  (301)394-1505. 
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National  Aeronautics  and 
Space  Administration 


NbSe3  Cathodes  for  Li 
Rechargeable  Cells 

The  electrochemical  and 
physical  characteristics  of 
NbSe3  are  reported. 

A  report  describes  experimental  studies 
involving  the  preparation,  characterization, 
and  nneasurements  of  the  performance  of 
NbSeg,  which  is  intended  for  use  as  cath- 
ode material  in  lithium  rechargeable  elec- 
trochemical cells.  NbSe3  has  characteris- 
tics superior  to  those  of  other  intercalating 
cathode  materials,  including  high  volumet- 
ric and  gravimetric  energy  densities  and 
the  ability  to  sustain  discharges  at  high 
rates. 

The  NbSe3  was  prepared  by  heating 
premixed  stoichiometric  amounts  of  Nb 
and  Se  powders  at  a  temperature  of  670  °C 
for  7  to  15  days.  The  NbSeg  grows  as  long, 
hairlike  fibers  that  intertwine  to  form  a 
physically  bonded  and  electrically  conduc- 
tive mat.  Cathodes  were  made  by  packing 
NbSeg  mats  between  Ni  screens. 

The  NbSe3  was  examined  by  x-ray  dif- 
fraction and  scanning  electron  microsco- 
py Techniques  used  in  the  electrochemi- 
cal evaluation  included  cyclic  voltammetry, 
constant-current  and  constant-potential 
discharges,  dc  potentiometric  scans,  ac 
impedance,  and  ac  voltammetry.  The  elec- 
trolyte for  the  electrochemical  evaluation 


of  the  NbS63was  1.5M  LiAsFgin2-methyl- 
tetrahydrofuran. 

From  the  electrochemical  measure- 
ments it  was  concluded  that  NbSe3  inter- 
calates reversibly  with  3  equivalents  of  Li  at 
an  efficiency  of  utilization  of  about  90  per- 
cent. The  intercalation  of  lithium  appears 
to  occur  at  different  closely  spaced  poten- 
tials between  1.8  and  1.5  V  versus  Li  +/Li. 
The  kinetics  of  the  reduction  of  NbSe3  are 
essentially  governed  by  the  slow  diffusion 
of  Li  ions  inside  the  layered  cathode.  The 
dc  kinetic  parameters  are  the  exchange- 
current  density  of  32  fuAlcm^  and  the 
apparent-transfer  coefficient  of  0.21. 

Constant-current,  constant-potential, 
and  ac  impedance  measurements  sug- 
gest that  the  structure  of  NbSe3  undergoes 
a  beneficial  change  upon  initial  discharge, 
even  though  the  cathode  loses  about  10 
percent  of  its  initial  capacity  to  some  ir- 
reversible intercalation.  As  a  result  of  this 
apparent  change,  the  nominal  discharge 
voltage  increases  somewhat,  leaving  the 
energy  density  the  same  as,  or  slightly 
greater  than,  it  was  initially 

A  physical  model  for  the  reduction  of 


NbSe3  is  proposed:  Li  ions  from  the  solu- 
tion reach  the  channels  of  the  NbSeg, 
react,  and  are  intercalated  in  the  material. 
So  long  as  enough  vacant  channels  re- 
main available  to  the  Li  ions  in  solution,  the 
rate  of  reduction  of  NbSej  is  governed  only 
by  the  charge-transfer  kinetics.  Once  the 
channels  are  filled,  no  further  reduction 
can  occur  until  the  Li  at  the  surface  jumps 
deeper  into  the  cathode  material  to  the 
next  available  site.  To  maintain  elec- 
troneutrality,  the  counter  charge  moves  in 
the  direction  opposite  that  of  the  flow  of 
Li  +  ions,  thus  making  it  appear  as  if  the 
reduced  layer  of  NbSe3  moves  deeper  into 
the  material,  exposing  unreduced  NbSe3 
to  the  solution. 

This  work  was  done  by  Ratnakumar  V. 
Bugga,  Chlng-lon  Ni,  Salvador  DiStefano, 
Robert  B.  Somoano  and  C.  Perry 
Bankston  of  Caitech  for  NASA's  Jet  Pro- 
pulsion  Laboratory.  "Studies  on 
Niobium  Triselenide  Cathode  Material  for 
Lithium  Rechargeable  Cells." 
NPO-17491/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 
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U.S.  Navy  Fact  Sheet 

W      Naval  Aerospace  Medical  Research  Laboratory 

RF  Rewarming  System 


The  environmental  factor  of  cold  water  is  known  to  be  a  prime  cause  of  impaired  diver 
performance.  Decrements  in  dexterity  typically  occur  at  finger  temperatures  below  about  15°C.  Purely 
passive  thermal  hand  protection  is  self  defeating  because  it  necessitates  the  use  of  bulky  gloves  or 
mittens  and  precludes  the  full  usefulness  of  the  hands. 


The  RF  hand  warming  coil  was  a  series  connection 
of  finger  coils  attached  to  a  cotton  work  glove 


The  environmental  factor  of  cold  water  is  known  to  be  a  prime  cause  of  impaired  diver 
performance.  Decrements  in  dexterity  typically  occur  at  finger  temperatures  below  about  \5°C.  Purely 
passive  thermal  hand  protection  is  self  defeating  because  it  necessitates  the  use  of  bulky  gloves  or 
mittens  and  precludes  the  full  usefulness  of  the  hands. 

To  date,  active  thermal  protection  of  the  extremities  has  involved  surface-applied  heat  such  as 
warm  water  or  direct  electrical  current  to  heat  a  resistive  wire.  Surface-applied  heating  methods  tend 
to  be  inefficient  in  cold  water  because  of  large  conductive  heat  losses  and  because  of  the  thermal 
limitations  of  skin  burning.  Radio  frequency  (RF)  energy  has  received  little  attention  in  this  area  even 
though  the  deep-heating  properties  of  helical  RF  coils  for  tumor  therapy  and  hypothermia  resuscitation 
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have  been  demonstrated.  A  system  that  deposits  energy  within  the  volume  of  an  extremity  rather  than 
at  its  surface  might  be  efficient  enough  to  maintain  a  diver's  manual  dexterity  without  the  need  for  a 
prohibitively  large  and  bulky  electrical  power  source.  This  study  was,  therefore,  conducted  to 
investigate  tne  feasibility  of  using  a  resonant  RF  applicator  system  to  efficiently  provide  warmth  to  a 
diver's  extremities.  The  results  were  sufficiently  encouraging  to  suggest  that  direct  RF  heating  of  the 
limbs  could  have  a  wide  range  of  applications. 


FOR  ADDITIONAL  INFORMATION:  LCDR  T.  E.  Fleishman,  MSC,  USN,  Naval  Aerospace  Medical  Research 
Laboratory,  Pensacola,  FL  35208-5700;  (904)452-3286. 
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Naval  Weapons  Center 


Fire  Extinguishing  Material 


This  invention  provides  fire  extinguishing  capability  by  providing  solid  gas  generating 
compositions  that  generate  large  amounts  of  nitrogen  gas  when  the  compositions  are  burned.  The 
compositions  can  be  cast  cured  into  small  shapes  and  stored  in  a  conveniently  located  container.  It  was 
found  that  compositions  containing  glycidyl  azide  polymer  and  a  high  nitrogen  content  solid  additive 
or  compound  generate  substantially  large  amounts  of  nitrogen  gas  when  heated.  The  invention  can 
provide  a  heating  mechanism  or  allow  heat  of  a  fire  to  initiate.  The  compositions  are  specially  useful 
in  extinguishing  fires  that  are  confined  in  an  area  not  easily  accessible  and  in  operations  where  the 
occurrence  of  fires  is  predictable.  Examples  are  engine  compartments  in  boats,  oil  refineries,  and 
plane  crashes. 

Patent  Number  4,601,344 


FOR  ADDITIONAL  INFORMATION:  Charles  T.  Ncwmyer  (Code  374),  Naval  Weapons  Center,  China  Lake,  CA 
93555-6001; (619)939-1074. 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Hydromechanical  Advanced  Coal  Excavator 

Water-jet  cutting  would  reduce  coal  dust  and  its  hazards. 


Roof  falls,  moving  vehicles,  coal  dust, 
and  methane  combine  to  mal<e  coal  min- 
ing an  exceptionally  hazardous  occupa- 
tion. The  Jet  Propulsion  Laboratory  under 
contract  to  the  Department  of  Energy  has 
designed  an  advanced  coal  mining  sys- 
tem, which  will  reduce  deaths  and  dis- 
abling injuries  from  these  and  other  in- 
herent hazards  by  up  to  90  percent. 

The  advanced  mining  system  utilizes  a 
full-face  hydromechanical,  continuous  miner 
(see  figure).  High-pressure  water  jets  oper- 
ate in  conjunction  with  wedge-shaped  cut- 
ting heads  to  produce  a  cutting  and  wedg- 
ing action,  which  exploits  the  weak  tensile 
strength  of  coal.  Very  low  levels  of  dust  are 
generated  during  the  process.  In  contrast 
conventional  continuous  miners  utilize  ro- 
tating cutting  heads  equipped  with  picks, 
which  break  the  coal  by  means  of  com- 
pressive fracture.  As  a  result,  large  quan- 
tities of  dust  are  generated,  posing  both 
respiratory  and  explosion  hazards. 

As  part  of  the  process,  water  jets  oper- 
ating at  10,000  psi  (70  MN/m2)  and  10  gal/ 
min  (6.3x10""  m^/s)  cut  a  horizontal  slot 
at  the  center  of  the  coal  roughly  2  to  4  ft 
(0.6  to  1.22  m)  in  depth,  depending  on  the 
strength  and  structure  of  the  coal.  Wedge- 
shaped  cutter  heads  are  then  forced  into 
the  slots,  first  at  the  floor  and  then  at  the 
roof.  As  the  cutter  heads  advance,  tensile 
forces  break  the  coal  into  the  horizontal 
slot  at  the  center  of  the  seam.  Counterro- 
tating  gathering  arms  collect  the  coal  and 
dump  it  onto  a  conveyor,  which  transports 
it  behind  the  machine  to  be  loaded  onto 
a  shuttle  car,  conveyor,  or  slurry-haulage 
system. 


The  Advanced  Coal  Excavator  uses  high-pressure  water-jet  lances,  one  in  each  of  the  cut- 
ting heads  and  one  in  a  movable  lance,  to  make  cuts  across  the  top,  bottom,  and  middle 
height,  respectively,  of  the  coal  face.  The  wedge-shaped  cutting  heads  advance  into  the 
lower  and  upper  cuts  in  turn,  thereby  breaking  the  coal  toward  the  middle  cut.  Thrust 
cylinders  and  walking  pads  advance  the  excavator  toward  the  coal  face. 


V     Gathering 
Disks 
Cutting  Head  "^!s."H 


Roof  support  is  provided  for  the  entire 
entry,  thus  eliminating  exposure  to  an  un- 
supported roof  and  providing  a  safe  en- 
vironment for  the  operator  and  support  per- 
sonnel. Roof  bolting  activities  occur  directly 
behind  the  excavator  as  it  advances  into 
the  coal  seam. 

A  proof-of-concept  prototype  to  demon- 
strate the  water-jet  cutting  action  has  been 


developed  at  the  University  of  Missouri, 
Rolla  School  of  fvlines.  Advanced  system 
prototype  development  is  in  progress. 

This  work  was  done  by  Jay  M.  Estus 
of  Caltech,  and  David  Summers  of  tlie 
University  of  /W/ssour/,  Rolla,  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-16442/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O^  Box  8757, 
BWI  Airport,  t^D  21240;  (301)  621-0100  Ext  241 
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Opportunity 


Improved  "Smart"  Robot  Hand 

Collection  of  sensor  data  is  speeded  a  hundredfold. 


An  improved  version  of  a  development- 
al "smart"  robot  hand  is  equipped  with  a 
bidirectional,  wide-band  optical-fiber  link  for 
the  transmission  of  digitized  strain-gauge 
force-  and  torque-sensor  signals  from  the 
hand  and  for  the  transmission  of  command 
signals  to  the  motor  drive  unit  on  the  hand. 
TTie  rate  of  transmission  of  data  to  and  from 
the  hand  is  approximately  10  kHz,  which 
is  about  100  times  that  of  previous  versions. 
The  higher  data-collection  speed  makes  it 
possible  to  perform  advanced  processing 
of  the  sensor  data  in  a  host  processor;  that 
is,  in  a  computer  located  elsewhere  than 
on  the  hand. 

In  a  typical  previous  version  of  the 
"smart"  robot  hand,  a  microprocessor  has 
performed  the  data-collection  and  com- 
munication functions.  This  feature  tends  to 
limit  the  speed  at  which  data  can  be  col- 
lected. Furthernnore  the  strain-gauge  excita- 
tions have  been  limited  to  about  12  Vdc  be- 
cause higher  applied  voltages  would  heat 
the  strain  gauges  excessively  However, 
higher  excitations  would  be  desirable  be- 
cause they  would  increase  the  signals  re- 
ceived from  the  gauges  while  leaving  noise 
levels  constant.  The  new  design  addresses 
both  the  speed  and  the  signal-to-noise-ratio/ 
heating  issues. 

The  improved  robot  hand  (see  figure)  in- 
cludes an  electronic  unit  called  the  "state 
machine,"  which  is  a  high-speed,  custom- 
designed  circuit  that  generates  clock  signals 
and  synchronizes  and  formats  incoming 
command  signals  and  outgoing  sensor-data 
signals.  The  state  machine  serves  as  the 
interface  between  the  data  bus  on  the  hand 
and  the  bidirectional,  high-speed  optical- 
fiber  link.  Because  of  the  high  bandwidth 
of  the  optical  link,  it  is  no  longer  necessary 
to  process  the  data  locally  in  the  hand.  All 
data-processing  functions  are  performed  at 
the  host  processor,  permitting  the  applicable 
software  to  be  written  in  a  familiar  and  con- 
venient development  environment. 


The  Improved  "Smart" 
Robot  Hand  features  a 
high-speed  electronic 
data  formatter  and  syn- 
chronizer and  a  high- 
speed bidirectional  opti- 
cal-fiber link  for  the 
transmission  of  data  to 
and  from  the  host  com- 
puter. 


MODEL  C  "SMART"  ROBOT  HAND 
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SIGNAL-PROCESSING  SUBSYSTEM  ON  "SMART"  ROBOT  HAND 


Because  the  strain  gauges  in  the  im- 
proved hand  are  excited  by  pulses  of  only 
5-fjts  duration,  the  excitation  signals  can  be 
made  as  large  as  100  V  without  causing  ex- 
cessive heating.  This  increase  results  in  a 
tenfold  increase  in  the  signal-to-noise  ratios 
of  the  sensor  outputs.  Furthermore,  the 
strain-gauge  excitations  can  be  varied  via 
software  to  vary  the  full-scale  force  or  torque 
range.  By  use  of  this  feature,  the  digitized 
sensor  outputs  can  be  maintained  at  12-bit 
accuracy  no  matter  what  range  is  selected. 

As  the  figure  also  shows,  the  hand  re- 
sembles a  motorized  vise  in  which  two  jaw- 
like fingers  move  along  a  linear  bearing.  The 


motor  is  mounted  in  the  middle,  between 
the  left-handed  and  right-handed  threads  at 
opposite  ends  of  a  spindle,  which  drives  the 
fingers  in  opposite  directions.  This  is  a  direct- 
drive  configuration.  Its  prime  advantage  is 
that  the  motor  is  removed  from  the  hous- 
ing of  the  electronics  to  reduce  the  elec- 
trical noise  and  give  more  room  for  the  cir- 
cuits. The  fingers  are  nonbackdrivable,  but 
a  backdrivable  version  could  also  be  built 
using  a  ball  screw.  The  advantage  of  non- 
backdrivability  is  that  after  grasping,  it  is  not 
necessary  to  maintain  motor  current  to  hold 
the  object.  This  results  in  less  dissipation 
of  heat  in  both  the  motor  and  its  driver  cir- 


255 


< 


cuit. 

The  use  of  more  sensitive  strain-gauge 
sensor  electronics  makes  it  possible  to  in- 
crease the  sizes  of  the  beams  of  the  force- 
and-torque-sensor  portion  of  the  hand.  This 
makes  the  sensor  portion  sturdier,  so  that 
limit  screws  are  no  longer  needed.  In  the 
original  grip-force  sensors,  the  strain  gauges 
were  mounted  in  the  middle  of  the  bending 
beams,  where  the  sensitivity  was  small.  In 
the  new  grip-force  sensor,  the  strain  gauges 
are  offset  to  the  ends,  where  the  stresses 
are  greatest. 


This  work  was  done  b/  Zoltan  F.  Szakaly, 
Zoltan  Vigh,  Antal  Bejczy,  and  Timothy 
Ohm  of  Caitech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-17917rfN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Passive  Damping  of  Vibra- 
tions in  Truss  Structures 

Damping  can  be  enhanced 
by  redistribution  of  shear 
strains  in  damping  materials. 

A  report  describes  theoretical  and  ex- 
perimental investigations  of  passive  dannp- 
ing  of  vibrations  in  truss  structures.  Interest 
in  passive  damping  has  been  revived  by 
proposals  to  construct  large  trusses  in  out- 
er space.  The  studies  described  here  rep- 
resent a  fresh  look  at  this  old  topic,  with 
a  focus  on  the  use  of  viscoelastic  ma- 
terials to  damp  longitudinal  vibrations  in 
the  tubular  members  of  such  structures. 

A  representative  member  of  the  type 
studied  is  an  integral  assembly  of  three 
components:  an  inner  tube  called  the  "tub- 
ular member,"  which  is  the  main  part  of 
the  overall  member  and  is  fastened  to  the 
rest  of  the  truss  structure  at  its  ends;  an 
intermediate  layer  of  viscoelastic  material 
on  the  outer  surface  of  the  tubular  mem- 
ber; and  an  outer  tube  called  the  "con- 
straining member,"  which  constrains  and 
shields  the  viscoelastic  material.  The  con- 
straining member  and  viscoelastic  layer 
can  be  shorter  than  the  tubular  member. 

The  theoretical  investigation  began  with 
the  reformulation  of  the  shear-lag  analysis 
of  a  previous  study.  Parameters  that  govern 
the  quasi-static-damping  performance 
were  investigated  on  the  basis  of  elastic 
strain  energy  energy  dissipated  in  viscosi- 
ty per  unit  cycle  of  vibration,  and  the  re- 
sulting complex  modulus  of  viscoelastici- 


ty  The  analysis  showed  that  damping  can 
be  enhanced  by  suitably  redistributing 
shear  strain  in  the  viscoelastic  material. 
One  of  the  parameters  —  the  length  of  the 
constraining  member  —  was  found  to  be 
a  convenient  design  variable  for  enhance- 
ment of  the  damping  performance. 

For  the  experimental  investigation,  sev- 
eral different  integral  damping  members 
8.62  in.  (21.9  cm)  long  were  constructed. 
Each  integral  damping  member  consisted 
of  an  aluminum  tubular  member  of  0.5-in. 
(12.7-mm)  outside  diameter  and  0.02-in. 
(0.5-mm)  wall  thickness,  either  of  two  types 
of  acrylic  polymeric  damping  layer,  and  an 
aluminum  or  graphite/epoxy  constraining 
member.  In  some  cases,  the  constraining 
members  were  segmented.  The  members 
were  tested  in  a  six-bay  truss  structure  at 
low  vibrational  frequency  and  low  dynamic 
strain.  The  effects  of  the  segmented  con- 
straining members  on  damping  perform- 
ances were  investigated  by  measuring  de- 
cays of  vibrations  of  the  truss  structure. 
Some  experiments  and  some  additional 
analyses  focused  on  the  damping  effec- 
tiveness of  constraining  members  that 
were  "elastically  tailored"  by  design  to  en- 
hance damping  via  the  coupling  of  exten- 
sion/twisting deformations  into  the  visco- 
elastic layers. 


In  some  specimens  tested  in  the  truss 
structure,  the  measured  damping  values 
were  less  than  the  predicted  ones;  the  dis- 
crepancies were  attributed  to  uncertainty 
regarding  vibration-loss  factors  of  materials 
and  imperfections  arising  from  fabrication. 
Members  with  graphite/epoxy  constrain- 
ing members  exhibited  extremely  low  and 
inconsistent  damping,  perhaps  caused  by 
interactions  among  different  polymers  in 
the  viscoelastic  materials  or  by  weak  bond- 
ing to  the  surfaces  of  the  aluminum  tubes. 

In  the  additional  analysis  of  integral  mem- 
bers with  elastically  tailored  constraining 
members,  it  was  shown  that  the  extension/ 
twisting  coupling  of  a  tailored  constrain- 
ing member  can  introduce  additional  shear 
strain  in  the  viscoelastic  material  in  the 
tangential  direction,  but  the  concomitant 
reduction  in  axial  stiffness  reduces  the 
axial  shear  strain  by  an  amount  that  can- 
not be  overcome  by  the  gain  in  the  tangen- 
tial component.  Therefore,  the  use  of  an 
elastically  tailored  constraining  member  is 
not  beneficial. 

This  work  was  done  by  Gun-Shing 
Chen  and  Ben  K.  Wada  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Passive  Damping  for  Space  Structures." 
NPO-17609/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


256 


rWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


( 


SINDA  '85/FLUINT, 
Version  2.2 

An  established  software 
system  for  thermal  and 
fluid  analysis  is  updated. 

SINDA,  the  Systems  Innproved  Numeri- 
cal Differencing  Analyzer,  is  a  software 
system  developed  for  solving  physical 
problems  governed  by  diffusion-type  equa- 
tions that  can  be  modeled  by  lumped-pa- 
rameter representations.  The  system  is 
most  widely  used  as  a  general  thermal  an- 
alyzer with  resistor-and-capacitor-network 
representations,  but  may  be  adapted  to  a 
wide  range  of  problems  represented  by 
such  differential  equations  as  those  of 
Fourier,  Poisson,  or  LaPlace.  SINDA  can 
numerically  solve  almost  any  set  of  or- 
dinary differential  equations,  which  can  be 
used  to  represent  the  transient  behavior  of 
a  lumped-parameter  system;  or  any  set  of 
nonlinear  algebraic  equations,  which 
might  represent  the  steady-state  condition 
of  a  physical  system.  FLUINT,  the  FLUid 
INTegrator,  is  an  advanced,  one-dimen- 
sional fluid-analysis  program  that  solves 
the  equations  of  arbitrary  fluid-flow  net- 
works. 

For  user-decision  flexibility,  SINDA  of- 
fers a  number  of  numerical  solution  tech- 
niques. These  include  such  finite-differ- 
ence formulations  of  the  explicit  method  as 
the  foHA/ard-difference  explicit,  DuFort- 
Frankel,  exponential,  and  alternating-di- 
rection approximations.  SINDA  also  offers 
such  formulations  of  the  implicit  method  as 
the  backward-difference  implicit  and 
Crank-Nicolson  approximations.  Many 
physical  problems,  particularly  those  of 
thermal  analysis,  can  be  readily  solved 
with  the  SINDA  system. 

The  SINDA  system  consists  mainly  of  a 
preprocessor  and  a  subroutine  library.  The 


SINDA  preprocessor  accepts  programs 
written  in  the  SINDA  language  and  con- 
verts them  into  standard  FORTFiAN  pro- 
grams. The  SINDA  language  is  designed 
for  working  with  lumped-parameter  repre- 
sentations and  finite-difference  solution 
techniques.  The  SINDA  library  consists  of 
a  large  number  of  prewritten  FORTRAN 
subroutines  that  perform  a  variety  of  com- 
monly needed  actions.  The  user  can  call 
these  subroutines  from  their  SINDA  lan- 
guage program,  thus  greatly  reducing  the 
programming  effort  required  to  solve  many 
problems.  Most  of  the  subroutines  in  the 
SINDA  library  were  developed  for  use  in 
solving  thermal-analysis  problems.  As  a 
thermal  analyzer,  SINDA  can  handle  such 
interrelated  complex  phenomena  as  sub- 
limation, diffuse  radiation  within  en- 
closures, transport  delay  effects,  sensitivi- 
ty analysis,  and  thermal-network  error  cor- 
rection. 

SINDA  can  easily  account  for  pumps, 
valves,  and  heat  exchangers  during  a  ther- 
mal analysis.  The  user-written  SINDA- 
language  program  determines  the  input 
data  required  and  the  information  to  be 
produced  as  output  by  the  program. 

A  pressure/flow  analysis  of  a  system 
containing  an  arbitrary  network  of  tubes 
can  be  performed  simultaneously  with  the 
thermal  analysis  during  transient  or 
steady-state  solutions.  This  permits  the 
mutual  influences  of  thermal  and  fluid 
problems  to  be  included  in  the  analysis. 
This  fluid-network  analysis  capability  is 
called  FLUINT 


The  most  recent  VAX  version  of  SINDA 
includes  several  enhancements.  Signifi- 
cant expansions  of  the  FPROP  blocks  have 
been  made.  The  user  can  enter  data  on 
two-phase  fluids  in  one  of  two  forms:  (1) 
simplified,  using  handbook  property 
values,  or  (2)  advanced,  wherein  the  user 
may  enter  pseudo- FORTRAN  descriptions 
of  the  properties  of  fluids.  Major  changes 
have  taken  place  in  the  heat-transfer  op- 
tions. Input  formats  for  subblocks  and 
GNET,  HX,  MGSEG,  and  CAPPMP  macros 
have  changed,  invalidating  old  formats;  all 
other  input  formats  are  still  valid.  CAPPMP 
junctions  may  now  be  tied  to  a  thermal 
node.  Phase  suction  from  j  unctions  or  from  | 
FASTIC  tanks  is  now  legal.  New  tabulation- 
style  output  routines  are  available. 

SINDA  is  available  by  license  for  a 
period  of  10  years  to  approved  licensees. 
The  licensed  program  product  includes  the 
source  code  and  supporting  documenta- 
tion. Additional  documentation  may  be  pur- 
chased separately  at  any  time. 

SINDA  is  written  in  FORTRAN  and  AS- 
SEMBLER. The  VAX  version  has  been  im- 
plemented on  a  DEC  VAX-series  computer 
operating  under  VMS.  SINDA  was  devel- 
oped in  1971,  and  fluid  capability  was  add- 
ed to  it  in  1975.  The  VAX  version  was  last 
updated  in  1988 

This  program  was  written  by  Brent 
Cullimore,  Rictiard  Goble,  Steven  Ring, 
and  Carl  Jensen  of  Martin  Marietta  Corp. 
for  Johnson  Space  Center. 
MSC-21528/TN 
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Systems  Improved 
Numerical  Fluids 
Analysis  Code 

A  thermal-analysis  computer 
program  is  augmented  for 
simulation  of  active  heat- 
transfer  loops. 

The  Systems  Improved  Numerical 
Fluids  Analysis  Code,  SINFAC,  consists  of 
additional  routines  added  to  ttie  April,  1983, 
version  of  SINDA,  a  general  thermal-ana- 
lyzer program.  The  purpose  of  the  addition- 
al routines  is  to  provide  for  the  mathemati- 
cal modeling  of  active  heat-transfer  loops. 
The  modeler  can  simulate  the  steady-state 
and  pseudo-transient  operations  of  16  dif- 
ferent components  of  heat-transfer  loops, 
including  radiators,  evaporators,  condens- 
ers, mechanical  pumps,  reservoirs,  and 
many  types  of  valves  and  fittings.  In  addi- 
tion, the  program  contains  a  property-anal- 
ysis routine  that  can  be  used  to  compute 
the  thermodynamic  properlies  of  20  differ- 
ent refrigerants. 

SINFAC  can  simulate  the  response  to 
transient  boundary  conditions.  SINFAC 
was  first  developed  as  a  method  for  com- 
puting the  steady-state  performances  of 
two-phase  systems.  It  was  then  modified 
using  CNFRWD,  the  explicit  time-integra- 
tion scheme  of  SINDA,  to  accommodate 
transient  thermal  models.  However,  SINFAC 
cannot  simulate  pressure  drops  due  to 
time-dependent  fluid  acceleration,  trans- 
ient boilout,  or  transient  fill-up,  except  in  the 
accumulator.  SINFAC  also  requires  the 
user  to  be  familiar  with  SINDA. 

The  solution  procedure  used  by  SINFAC 
is  similar  to  that  which  an  engineer  would 
use  to  solve  the  equations  of  a  system 
manually.  The  solution  to  the  equations  of  a 


system  requires  the  determination  of  all  of 
the  outlet  conditions  of  each  component 
such  as  the  flow  rate,  pressure,  arxJ  enthal- 
py To  obtain  these  values,  the  user  first  es- 
timates the  inlet  conditions  to  the  first  com- 
ponent of  the  system,  then  computes  the 
outlet  conditions  from  the  data  supplied  by 
the  manufacturer  of  the  first  component. 
The  user  then  estimates  the  temperature 
at  the  outlet  of  the  third  component  and 
computes  the  corresponding  resistance  to 
flow  posed  by  the  second  component. 
With  this  flow  resistance  of  the  second 
component,  the  user  computes  the  condi- 
tions downstream;  namely,  the  inlet  condi- 
tions of  the  third  component.  The  computa- 
tions follow  for  the  rest  of  the  system,  back 
to  the  first  component. 

On  the  first  pass,  the  user  finds  that  the 
calculated  outlet  conditions  of  the  last 
component  do  not  match  the  estimated  in- 
let conditions  of  the  first.  The  user  then 
modifies  the  estimated  inlet  conditions  of 
the  first  component  in  an  attempt  to  match 
the  calculated  values.  The  values  estimat- 
ed by  the  user  are  called  "state  variables." 
The  differences  between  the  values  esti- 
mated by  the  user  and  the  calculated  val- 
ues are  called  the  "error  variables."  The 
procedure  systematically  changes  the 
state  variables  until  all  of  the  error  varia- 
bles are  less  than  the  iteration  limits  speci- 
fied by  the  user. 


The  automated  solution  procedure,  which 
follows  the  foregoing  logic,  is  referred  to  as 
sex.  It  consists  of  two  phases;  the  systems 
phase  and  the  controller  phase.  The  "X"  is 
to  imply  "experimental."  SCX  computes 
each  next  set  of  state  variables  in  the  two 
phases.  In  the  first  (systems)  phase,  SCX 
fixes  the  controller  positions  and  modifies 
the  other  state  variables  by  the  Newton- 
Raphson  method.  Once  the  Newton-Raph- 
son  method  has  solved  the  problem  for  the 
fixed  controller  positions,  SCX,  in  the  con- 
troller phase,  next  calculates  new  control- 
ler positions  based  on  Nev\/ton's  method 
while  treating  each  sensor/controller  pair 
independently  but  allowing  all  to  change  in 
one  iteration. 

SINFAC  is  available  by  license  for  a  peri- 
od of  10  years  to  approved  licensees.  The 
licensed  program  product  includes  the 
source  code  for  the  additional  routines  to 
SINDA,  the  SINDA  object  code,  command 
procedures,  sample  data,  and  supporting 
documentation.  Additional  documentation 
may  be  purchased.  SINFAC  was  created 
for  use  on  a  DEC  VAX  under  VIVIS.  Source 
code  is  written  in  FORTRAN  77,  requires 
180K  of  memory,  and  should  be  fully  trans- 
portable. The  program  was  developed  in 
1988. 

This  program  was  written  by  F.A. 
Costello  for  Goddard  Space  Flight 
Center.  GSC-13231/TN 
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Brookhaven  National  Laboratory 


Locator  of  Corrosion 


Description  of  Technology:  The  method  consists  of  measuring  the  electrochemical  potential  on  both  sides  of  an 
inflatable  balloon  which  blocks  off  water  within  a  pipe.  From  the  difference  in  potential,  the  side  where  corrosion 
takes  place  can  be  determined. 

Potential  Applications/Spinout  Uses:  Many  types  of  pipelines  carrying  water  or  conducting  solutions. 

Literature:  H.  S.  Isaacs  and  B.  Vyas,  "Scanning  Reference  Electrode  Techniques  in  Localized  Corrosion",  ASTM 
STP  727,  American  Society  for  Testing  and  Materials,  1981,  Edt.  F.  Mansfeld  and  V.  Bertocci,  pp.  3-33. 

FOR  ADDITIONAL  INFORMATION:  Dr.  William  Marcuse,  The  Office  of  Technology  Transfer,  Building  902- 
C,  Brookhaven  National  Laboratory,  Upton,  NY  1 1973;  (516)282-2103.  Refer  to  BNL/AA-51  TN. 


.fv. 


259 


rVlASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Microprocessor  Control  for  Liquid-Cooled  Garment 

Uncomfortable  overshoots  and  undershoots  of  temperature  are  eliminated. 


An  automatic  control  systenn  maintains 
the  temperature  of  a  water-cooled  gar- 
ment within  the  comfort  zone  while  the 
wearer's  level  of  physical  activity  varies. 
Although  designed  for  use  in  a  space  suit, 
the  control  system  is  clearly  adaptable  to 
other  protective  garments  and  to  enclosed 
environments  that  operate  according  to 
similar  principles. 

Previously,  the  wearer  controlled  the 
temperature  through  manual  adjustments 
of  a  valve  that  controlled  the  portion  of  the 
flow  of  water  shunted  around  a  heat  ex- 
changer Because  of  variability  in  the  work- 
load and  unpredictability  of  the  thermal 
response  of  the  wearer's  body,  the  wearer 
had  to  hunt  repeatedly  for  a  comfortable 
setting,  and  the  temperature  frequently 
overshot  and  undershot  the  comfort  zone. 

The  control  system  relies  on  the  empiri- 
cal finding  that  the  wearer  is  most  comfort- 
able over  a  wide  range  of  metabolic  rates 
when  the  temperature  7^  of  the  liquid  at  the 
inlet  of  the  garment  lies  along  a  nearly 
straight  line  on  a  plot  of  7"  versus  Af  = 
Tg  -  7^,  where  7^  =  the  temperature  of  the 
liquid  at  the  outlet  of  the  garment  (see 
Figure  1).  The  system  (see  Figure  2)  re- 
peatedly samples  7^,  7"^,  and  the  tempera- 
ture T^  at  the  output  of  the  heat  exchanger 
and  feeds  these  signals  as  inputs  to  a  mi- 
croprocessor that  generates  valve-com- 
mand signals  according  to  a  model-refer- 
ence control  concept. 

The  microprocessor  executes  an  algo- 
rithm that  seeks  to  make  the  samples  of 
Af  converge  toward  theoretical  sample 
values  A7'*  computed  according  to  the 
model  to  keep  the  temperatures  near  the 
line  of  greatest  comfort.  When  the  temper- 
atures lie  outside  the  comfort  zone,  the 
model  accelerates  to  much  faster  than  the 
actual  operating  rate  in  the  search  for  a 
candidate  inlet  temperature,  T^.  Initially  the 
search  is  conducted  by  an  iterative  meth- 
od; if  that  fails  after  a  specified  number  of 
iterations,  a  noniterative  method  is  used. 
When  the  system  finds  a  7"^  that  yields  A7"* 
in  the  comfort  zone,  it  adjusts  the  actual  7^ 
to  this  value  of  T^. 

In  the  model  resident  in  the  algorithm, 
the  slowly  varying  component  of  7^  is  ob- 


Figure  1.  The  Comfort  Zone  is  a  band  of 
temperatures  extending  about  1  °C  above 
and  below  this  plot. 


Figure  2  The  Model-Reference  Automatic 

Control  System  adjusts  T  to  keep  T  and  T- 
T^  within  the  comfort  zone  as  the  heat  load 
varies. 
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tained  by  low-pass  filtering  and  multiplied 
by  a  suitable  gain  to  obtain  a  slowly  varying 
component  of  AT*  along  the  comfort  line. 
The  high-frequency  component  of  7^  is 
fed  to  an  adaptive  filter  which  imitates  a 
tapped  delay  line.  The  weights  of  the  taps 
are  adjusted  according  to  a  subalgorithm 
to  obtain  a  rapidly  varying  component  of 
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AT"*  that  minimizes  the  mean-square  differ- 
ence between  A7"*  and  A7"  in  a  sequence 
of  samples. 

This  work  was  done  by  Charles  S. 
Weaver  of  SRI  International  for  Johnson 
Space  Center.  fv1SC-21359/TN 
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v>EPA  Project  Summary 

Development  of  Risk  Assessment  Methodology  for 
Surface  Disposal  of  Municipal  Sludge 


Introduction 

This  document  addresses  health  and 
environmental  risks  associated  with 
human  and  non-human  exposure  to 
chemrical  contaminants  in  sludge  from  the 
surface  disposal  of  municipal  sludge,  and 
explains  the  development  of  a 
methodology  by  which  criteria  for  sludge 
surface  disposal  may  be  derived  The 
term  "surface  disposal"  refers  to  the 
permanent  disposal  or  long-term  storage 
of  sludge  in  uncovered  lagoons  or 
impoundments.  Included  in  the 
methodology  are  facilities  at  which 
sludge  accumulates  and  is  stored  for 
long  periods  as  a  result  of  the  use  of 
lagoons  for  wastewater  treatment.  A 
lagoon  or  impoundment  is  an  earth  basin 
used  to  deposit  untreated  or  digested 
sludge.  Anaerobic  and  aerobic  digestion 
stabilize  organic  solids  in  untreated- 
sludge  lagoons.  Stabilized  solids  settle 
and  accumulate  at  the  bottom  of  the 
lagoon 

No  national  survey  has  yet  been 
calculated  to  identify  the  number  of 
plants  using  surface  disposal  or  to 
estimate  the  volumes  of  sludge  stored  or 
disposed  in  this  manner.  However,  679 
plants  participating  in  the  1986  Needs 
survey  reported  using  forms  of  sludge 
treatment  and  disposal  other  than 
landfillmg,  distribution  and  marketing, 
land  application,  incineration  and  ocean 
disposal.  Some  of  these  plants  may  have 
engaged  in  practices  that  fit  the  definition 
of  surface  disposal.  Furthermore,  727 
plants  reported  having  sludge  lagoons, 
although  some  of  these  may  have  been 
used  for  temporary  storage  or  treatment 
and  are  thus  not  included  in  the  surface 
disposal  definition. 

Types  of  Impoundments 

The  impoundments  to  be  considered 
in  this  document  can  be  categorized  into 
three  groups:  lagoons  for  long-term 
storage,  lagoons  for  permanent  disposal, 
and  wastewater  treatment  lagoons  in 
which  sludge  is  stored  for  long  periods. 
Each  of  these  types  of  facilities  is 
discussed  briefly  below. 

Although  they  are  not  technically 
"disposal"  facilities,  lagoons  for  long- 
term    storage    of    sludge    have    been 


included  in  methodologies  for  deriving 
criteria  for  "surface  disposal"  for  two 
reasons.  First,  this  practice  may  pose 
health  and  environmental  risks  as  severe 
as  or  worse  than  those  associated  with 
permanent  disposal.  Second,  future 
plans  for  removing  sludge  from  "storage" 
impoundments  may  be  uncertain.  As 
economic  or  regulatory  conditions 
change,  plans  for  the  removal  of  sludge 
from  "temporary"  impoundments  have 
also  been  known  to  change  Since  the 
ultimate  fate  of  sludge  stored  in  such 
impoundments  cannot  be  known  with 
certainty,  analysis  of  risks  associated  with 
their  continued  or  permanent  existence  is 
appropriate. 

In  certain  cases,  sludge  may  be 
deposited  in  on-site  impoundments 
without  further  planning  for  removal 
Permanent  surface  disposal  may  be  the 
only  practical  disposal  option  for  plants 
that  have  accumulated  very  large 
quantities  of  sludge  onsite  over  a  number 
of  years.  It  may  also  become  the  de  facto 
disposal  method  for  plants  that  fail  to 
identify  satisfactory  final  disposal  options 
for  the  sludge  currently  stored  in  lagoons 
Wastewater  treatment  lagoons  are  often 
used  by  small  wastewater  treatment 
facilities  because  they  are  less  expensive 
than  alternative  treatment  processes. 
Because  such  lagoons  typically  receive 
relatively  low  volumes  of  wastewater, 
they  can  accumulate  sludge  m  a  bottom 
layer  for  years  (or  even  decades)  before 
it  begins  to  interfere  with  the  treatment 
process.  Although  the  mam  purpose  of 
these  lagoons  is  to  treat  wastewater 
before  discharge,  the  lagoons  also  serve 
as  long-term  storage  for  the  sludge,  and 
may  fall  within  the  definition  of  surface 
disposal  of  sludge  In  addition,  the 
lagoons  are  sometimes  aerated,  leading 
to  increased  volatilization  of  sludge 
contaminants 

Assumptions  Used  in  Risk 
Assessment 

The  purpose  of  a  sludge  storage  or 
disposal  impoundment  influences  the 
manner  m  which  the  sites  are  managed. 
For  example,  sludge  in  impoundments 
used  for  storage  between  land  application 
seasons  will  be  emptied  more  frequently 
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than  sludge  from  wastewater  treatment 
lagoons  at  small  plants.  All  of  the  surface 
disposal  practices  described  here  pose 
potential  risks  from  human  and  non- 
human  exposure.  Each  practice  also 
possesses  unique  features  that  affect  its 
associated  risks  Long-term  storage 
impoundments  undergo  periodic  sludge 
removal,  which  may  increase  or  decrease 
movement  of  sludge  contaminants  into 
the  environment.  Permanent  disposal 
impoundments  might  present  risks 
through  future  land  uses  of  the  disposal 
site  (although  these  risks  are  not 
considered  by  the  present  methodology). 
There  follows  a  brief  listing  of 
assumptions  used  for  estimating  risks 
from  these  sludge  management 
practices: 

1.  Sludge  storage  or  disposal 
occurs  on  plant  property,  and 
the  public  has  no  access  to  the 
affected  areas. 

2.  Sludge  impoundments  will  be 
required  to  have  berms,  dikes  or 
other  surface  runoff  controls  that 
effectively  eliminate  significant 
risks  of  exposure  from  flooding 
or  accidental  releases. 

3  Periodic  removal  of  sludge  from 
long-term  storage  lagoons  allows 
their  continuous  use  over 
extended  periods  of  time 

4.  Sludge  that  accumulates  in  long- 
term  storage  or  wastewater 
treatment  lagoons  is  removed 
prior  to  plant  closure,  and  before 
any  conversion  of  the  land  to 
other  uses  can  take  place. 

5.  Sludge  deposited  in  permanent 
disposal  lagoons  is  never 
exhumed. 

Conditions  Affecting  Risk 

A  number  of  environmental  conditions 
and  management  practices  affect  the 
risks  posed  by  long-term  sludge  storage 
impoundments  fvlanagement  or  design 
requirements  can  be  developed,  based 
on  an  evaluation  of  the  following  factors, 
to  minimize  risks  from  surface  disposal: 

1  Concentrations  of  contaminants 
in  the  sludge  will  influence  the 
magnitude  of  risk  posed  by  long- 
term  sludge  storage  or 
permanent  disposal. 

2  Physical  characteristics,  such  as 
distance  to  groundwater  and 
surface  water,  soil  type  and 
other  geohydrologic  features  of 
the  site,  and  proximity  to  human 
or  non-human  populations  will 
influence  the  rate  of  migration  of 
contaminants  and  the  potential 
for  exposure. 

3  The  length  of  time  sludge  is 
stored  (i.e.,  the  frequency  of 
sludge  removal  from  the 
impoundments)  may  affect  the 
mobility  of  sludge  contaminants. 


Frequent  removal  may  decrease 
the  length  of  time  sludge 
contaminants  are  available  for 
leaching,  but  could  also  disturb 
the  underlying  stabilized  sludge 
layer  that  may  inhibit 
contaminant  movement  from 
unlined  impoundments. 

4.  The  use  of  synthetic  or  clay 
liners  will  reduce  the  potential 
for   contaminant   movement   into 

?      .     groundwater. 

5.  The  use  of  berms  and  proper 
siting  can  reduce  risks 
associated  with  surface  runoff 
and  flooding. 

6.  For  permanent  disposal  facilities, 
restrictions  on  future  access  and 
land  use  through  a  notice  in  the 
deed  may  be  required  once  the 
facility  is  closed  in  order  to 
prevent  inadvertent  direct  human 
contact  with  disposed  sludge. 
Alternatively,  the  sludge  disposal 
area  may  be  encapsulated  at 
closure  in  order  to  prevent  future 
direct  contact  with  sludge  if  land 
is  converted  to  another  use. 

7.  Aeration  of  wastewater  treatment 
lagoons  will  affect  the 
volatilization  and  biodegradation 
rates  of  the  organic  sludge 
contaminants.         >  ,  ,h 

Summary 

The  methodology  presented  in  this 
document  is  designed  to  derive  criteria 
for  lagoons  used  for  both  long-term 
storage  and  permanent  disposal  of 
sludge.  The  methods  are  intended  to 
apply  to  all  types  of  municipal  wastewater 
sludges,  regardless  of  the  extent  of 
industrial  contribution  to  the  treated 
wastewater,  and  regardless  of  the  type  of 
wastewater  treatment  processes  that 
generate  the  sludge.  Risks  from  these 
surface  disposal  facilities  can  occur 
through  a  variety  of  pathways  of  potential 
human  and  non-human  exposure.  This 
document  discusses  the  selection  of 
pathways  for  inclusion  in  this 
methodology,  and  the  identification  of 
"most  exposed  individuals"  and  "most 
exposed  populations"  at  greatest  risk 
through  each  pathway,  and  provides  a 
detailed  discussion  of  methods  for 
assessing  potential  risks  and  deriving 
criteria  for  the  three  exposure  pathways 
thought  to  be  of  most  concern: 
groundwater,  surface  water,  and  air. 
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Method  and  Apparatus  for  the  Detection  of  Toxicants 


This  method  and  apparatus  rapidly  detects  toxicants  by  the  use  of  a  first  CO2    sensing  cell  and  a 
second  reference  CO2  sensing  cell.    Each  sensing  cell  includes  a  first  chamber  and  a  second  chamber, 
separated  by  a  CO2    permeable  membrane  and  a  pH  sensor  disposed  in  each  of  the  second  chambers. 
Distilled  water  is  placed  in  the  first  chamber  of  each  cell,  and  its  dissolved  CO2   becomes  equilibrated 
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with  the  water  in  the  second  chamber,  from  which  it  is  separated  by  the  CO2   permeable  membrane.  | 

Next,  exact  amounts  of  a  microorganism  and  sugar  are  added  to  small  dishes  in  the  first  chambers 
along  with  control  vegetation  to  one  dish  and  vegetation  to  be  tested  to  the  other  dish.  Then  the  first 
chambers  are  completely  filled  with  distilled  water,  and  the  dishes  are  agitated  to  facilitate  a  solution 
of  microorganisms  and  sugar.  The  method  further  includes  the  steps  of  sensing  the  pH  in  the  liquid 
contained  in  each  of  the  second  chambers,  determining  the  difference  between  the  outputs  from  the  pH 
sensors,  and  generating  an  alarm  signal  if  this  difference  equals  or  exceeds  a  predetermined  threshold. 
In  one  embodiment,  yeast  is  used  as  the  microorganism. 
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Suspension  Lug  Project 


In  response  to  reported  problems  with 
production  of  MS  3314  (1,000  lb.  class) 
suspension  lugs,  NCEMT  carried  out  an 
integrated  design  and  manufacturing 
analysis  of  the  component  from  the  per- 
spective of  Total  Quality  Management 
(TQM).  Part  redesign  was  considered 
as  well  as  modifications  to  the  manufac- 
turing processes.  The  suspension  lugs 
are  made  of  4340  steel  in  the  heat  treated 
condition  and  consist  of  a  ball  with  a 
threaded  base. 

Solution  of  the  problem  began  by 
generating  a  CAD  description  of  the  lug 
on  NCEMT's  3-D  solid  modeling  facility. 
This  data  base  was  then  used  for  design 
analysis  as  well  as  for  process  simula- 
tion. 


Linear  finite  element  analysis  was 
used  to  examine  the  current  design  un- 
der proof  test  loads.  Results  showed 
that  the  lug  is  subjected  to  very  high 
localized  stresses  that  exceed  the  yield 
limit  of  the  material  and,  therefore,  lead 
to  high  risk  of  failure.  The  first  design 
change  considered  included  the  use  of  a 
more  generous  radius  on  the  inside  cor- 
ners of  the  ball.  This  change  led  to 
drastically  reduced  stresses  under  test 
loading,  eliminating  the  risk  of  failure 
during  use  or  rejection  during  proof  test- 
ing. This  alteration,  however,  may  require 
drawing  or  enginering  changes  to  other 
components  in  the  ordnance  release 
system.  A  second  design  change  con- 
sidered involved  the  addition  of  material 
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on  the  external  corners  of  the  ball,  re- 
sulting in  substantial  reduction  of  the 
stresses  undertest  loading,  thus  reducing 
the  risk  of  failure.  It  is  believed  that  this 
option  is  less  likely  to  require  engineer- 
ing changes  in  other  components. 

Non-linear  finite  element  analysis  was 
used  to  simulate  the  metal  flow  in  the 
present  method  of  forging  and  an  op- 
tional net  shape  forming  method  involving 
improved  deformation  characteristics. 
The  present  method  of  closed  die  forg- 
ing produces  a  non-uniform, 
non-symmetric  metallurgical  structure 
leadingtodistortion  during  heattreatment 
and  cause  for  rejection.  Also,  flash  for- 
mation during  forging  concentrates 
impurities  on  the  periphery  of  the  trimmed 
parts,  which  leads  to  material  weakness 
in  the  vicinity  of  high  in-service  stresses 
in  the  ball.  The  proposed  method  of 
extrusion-forging,  on  the  other  hand, 
provides  a  more  uniform  grain  structure 
and  does  not  develop  areas  of  material 


weakness  because  no  flash  is  formed. 

The  CAD  geometric  description  was 
linked  to  NCEMTs  CNC  machining  center 
to  machine  two  sets  of  forming  dies  for 
physical  modeling  of  the  processes.  Mod- 
eling focused  on  the  current  closed  die 
forging  process  to  illustrate  the  source  of 
defects  and  high  production  costs.  Model- 
ing also  focused  on  the  alternative 
extrusion-forging  process  to  illustrate  the 
elimination  of  defects  and  reduction  in  cost. 

The  approach  described  above  is 
structured  to  manage  and  eliminate 
technical  risks  priorto  capital  equipment 
procurement  or  alteration.  This  proce- 
dure reduces  or  eliminates  the 
trial-and-error  effort  required  in  the  plant, 
accelerates  the  development  of  a  suc- 
cessful process,  and  assures  highest 
quality.  With  minimal  alterations,  the 
successful  process  developed  for  the 
current  1,000  lb.  class  lug  can  be  used 
forthe  25  lb.  and  2,000  lb.  class  suspen- 
sion lugs. 


FOR  ADDITIONAL  INFORMATION:  Mr.  Clarence  Skena,  Senior  Staff  Engineer,  National  Center  for  Excellence 
in  Metal  working  Technology,  1450  Scalp  Avenue,  Johnstown,  PA  15904;  (814)269-2411. 
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RISIC  Workstation  Produces  Its  First  Production 
Parts  At  Mare  Island 


An  automated,  small-batch  flexible 
manufacturing  system  has  been  devel- 
oped in  the  AMRF  at  NIST  to  meet  the 
quick  turn-around  demand  for  a  family  of 
submarine  parts.  In  August  this  system, 
the  Resonance  Inhibiting  Sound  Isolat- 
ing Connector  (RISIC)  manufacturing 
workstation,  was  successfully  tested  for 
production  use  at  the  Mare  Island  Naval 
Shipyard  (MINSY). 

As  part  of  the  testing,  robot  programs 
and  numerical  control  (NC)  part  pro- 
grams for  RISIC  parts  were  verified  by 
using  the  workstation  to  make  parts 
in  an  automated  environment. 
NIST  and  MINSY  personnel  ran  the 
workstation  and  produced  parts.  The 
MINSY  inspection  department  examined 
the  parts  and  confirmed  that  they  met  or 
exceeded  product  specifications.  Later, 
these  parts  were  sent  out  for  use  in  the 
shipyard. 

The  workstation  performs  automated 
part  machining  by  using  a  versatile  turn 
ing  center  tended  by  a  robot  that  loads 
and  unloads  parts,  and  for  changing  the 


turning  center  tooling  and  chuck  jaws. 
Controllersforthe  robot,  NCturning cen- 
ter, a  local  Automated  Storage  and 
Retrieval  System  (ASRS),  and  auxiliary 
hardware  systems  are  linked  by  an  AMRF 
hierarchical  control  structure.  Part  pro- 
grams, manufacturing  data,  and  process 
plans  are  stored  in  an  integrated  com- 
mon database.  Once  raw  stock  is  placed 
in  the  ASRS  and  program  data  is  verified, 
the  workstation  can  produce  good  parts 
with  consistent  quality  and  minimum 
human  intervention. 

The  workstation  has  been  tested  for 
initial  production  and  it  will  soon  be  set 
up  to  manufacture  high  quality  parts  that 
can  be  delivered  in  a  matter  of  hours, 
instead  of  days  or  weeks.  MINSY  will  not 
have  to  maintain  an  inventory  of  parts  to 
meet  very  short  delivery  times.  This 
workstation  is  presently  programmed  and 
tooled  for  Mare  Island  use.  It  will  be 
ready  to  make  parts  for  other  shipyards 
in  early  1991. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Kang  B.  Lee,  Building  233,  Room 
B 108,  AMRF  Project,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-6602. 
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Characterization  of  Robot  Work  Cell 

A  mathematical  model  of  tooling  and  workspace 
is  improved  iteratively. 


An  iterative  process  of  nneasurement 
and  connputation  is  used  to  characterize 
the  work  cell  of  a  robot,  increasing  the  ac- 
curacy of  a  nnathematical  model  of  the 
work  cell.  Such  characterization  is  need- 
ed because  the  model  is  to  be  used  in  off- 
line programming  (CLP)  to  compute  paths 
to  control  the  motion  of  the  robot.  The 
characterization  process  increases  the  ac- 
curacies of  the  model  and  paths;  for  ex- 
ample, by  correcting  for  differences  be- 
tween the  placement,  orientation,  and 
dimensions  of  the  actual  workpiece,  tool- 
ing, and  robot  and  those  specified  in  the 
initial  or  previous  iteration  of  the  model. 

Heretofore,  characterization  has  involved 
the  use  of  highly  specialized,  precise,  ex- 
pensive measuring  devices  capable  of  de- 
fining locations  in  three-dimensional  space 
and  has  yielded  accuracies  of  the  order 
of  0.01  in.  (0.25  mm).  In  the  tungsten/inert- 
gas  welding  process  for  which  the  present 
method  of  characterization  was  conceived, 
accuracy  of  ±0.5  in.  (12.7  mm)  suffices, 
and  budgetary  constraints  dictate  the  use 
of  less  expensive  (and,  therefore,  less-ac- 
curate) measuring  equipment. 

To  characterize  with  the  required  accu- 
racy without  expensive  measuring  equip- 
ment, the  present  method  establishes  two 
guidelines:  (1)  robot-joint  configurations  are 
defined  relative  to  other  such  configu- 
rations rather  than  expressed  in  terms  of 
positions  measured  in  an  arbitrary  coor- 
dinate frame,  and  (2)  the  geometric-zero 
configuration  and  position  in  the  mathema- 
tical model  can  differ  from  the  geometric- 
zero  configuration  and  position  defined 
(usually  by  the  manufacturer's  specifica- 
tion) in  the  robot  controller  as  the  zero  con- 
figuration and  position  and  as  the  basis 
for  all  internal  calculations  of  positions.  Un- 
der the  second  guideline,  the  geometric- 
zero  joint  configuration  of  the  mathemati- 
cal model  can  be  chosen  to  be  one  that 
can  be  verified  by  simple  measurements. 
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defined  by  manu- 
facturer's specifica- 
tioninthe  robot  con- 
troller (position  1), 
the  angular  position 
of  the  workpiece  is 
such  that  the 
groove  of  interest 
lies  at  an  angle  with 
the  robot  uack.  This 
angle  is  difficult  to 
verify     with     the 

measuring  probe.  When  the  workpiece  lies  at  the  geometric  zero  defined  by  the  user  (position 
2),  the  groove  of  interest  lies  parallel  to  the  robot  track.  This  is  easily  verified  in  that  the  probe 
reading  should  remain  constant  as  the  robot  moves  along  the  track. 


Robot 
Track 


It  is  important  to  be  able  to  make  such  a 
choice  because  the  geometric  zero  de- 
fined in  the  controller  can  be  one  that  is 
not  easily  verifiable  (see  figure). 

With  OLP,  positions  and  configurations 
are  computed  externally  to  the  robot  con- 
troller Robot  trajectories  thus  computed 
are  transferred  to  the  robot  controller  in  the 
form  of  files  of  joint-position-encoder  values 
that  do  not  depend  on  the  geometric  zero. 
To  increase  the  accuracy  of  the  initial  or 
previous  iteration  of  the  model,  test  trajec- 
tories are  created  off-line  and  executed  in 
the  work  cell.  In  creating  a  test  trajectory, 
test  points  are  such  verifiable  locations  as 
the  ends  of  tooling  grooves  on  a  position- 
ing table.  Robot  motion  is  then  simulated, 
commands  are  generated,  and  the  pro- 
grams downloaded  to  the  robot  controller 
With  the  measurement  probe  in  place,  the 
test  trajectory  is  executed.  Each  test  point 
is  measured  with  respect  to  the  verifiable 
location  to  determine  the  accuracy  of  the 
program  and  model.  By  measuring  several 
positions  within  the  work  cell,  one  can  es- 
tablish trends  that  link  inaccuracies  to 
specific  joint  offsets.  After  each  change, 
the  test  trajectory  must  be  resimulated, 
commands  regenerated,  and  the  new  files 


redownloaded  to  the  robot  controller  to  ac- 
count for  the  changes  in  the  model.  This 
iterative  process  is  complete  when  the 
desired  accuracy  is  obtained. 

This  work  was  done  by  Ronald  R. 
Anderson,  Vincent  Y.  Paternoster,  and 
Wayne  A.  Guttimiller  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
l\/IFS-29731/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford.  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Mechanized  Fluid  Connector  and  Assembly  Tool 

Connections  can  be  made  or  broken  in  confined  spaces  and  with  small  external  forces. 


A  modified  union-type  pipefitting  can  iDe 
tigfitened  or  loosened  by  a  special  power 
tool  designed  for  use  witti  it.  Intended  for 
\he  assembly  of  pipes  in  the  proposed 
Space  Station,  the  tool  and  fitting  could 
also  be  used  on  Earth  to  make  or  break 
plumbing  connections  in  crowded  utility 
runs  or  other  confined  spaces  where 
wrenches  cannot  be  turned,  where  the 
forces  exerted  by  wrenches  might  cause 
damage,  or  where  the  lack  of  a  good  grip 
prevents  the  technician  from  exerting  suf- 
ficient torque  on  the  connector. 

In  the  new  tool-and-connector  system,  it 
is  necessary  to  have  access  to  only  one 
side  of  the  pipe,  and  even  then  access  can 
be  offset  from  the  centerline.  Thus,  it  is 
possible  to  work  in  crowded  piping  troughs. 
The  only  external  forces  that  need  be  ap- 
plied are  the  relatively  gentle  ones  inciden- 
tal to  the  placement  of  the  tool  on  the  con- 
nector. The  major  forces  and  torques  on 
the  mating  parts  of  the  connector  are  gen- 
erated within,  and  reacted  through,  the 
tool. 

An  interface  housing  —  essentially,  a 
receptacle  for  the  tool  —  is  placed  on  one 
member  of  the  connector  (the  left  member 
in  the  figure).  Through  a  hole  on  the  inner 
end  of  the  interface  housing,  the  tool  has 
access  to  a  spur  gear  fitted  onto  an  exter- 
nally threaded  retainer  that  turns  on  this 
member.  This  retainer  mates  with  a  spring- 
loaded  nut  on  the  other  member  (the  right 
member  in  the  figure).  The  nut  can  rotate 
freely  until  the  tool  is  installed. 

One  end  of  the  tool  mates  with  the  inter- 
face housing.  It  is  locked  onto  the  housing 
by  locking  balls  that  are  pushed  by  a  sleeve 
into  spherical  recesses  on  the  outside  of 
the  housing.  A  high-torque  harmonic-drive 
gearmotor  turns  a  spur  gear  that  meshes 
with  the  one  on  the  retainer.  The  gearmotor 
tightens  or  loosens  the  connector  by  turn- 
ing the  threaded  retainer  while  the  nut  is 
held  stationary.  The  drive  train  includes  a 
free-play  clutch  to  enable  the  initial  mesh- 
ing of  gears.  An  impact-drive  feature  in  the 
clutch  overrides  the  normal  electronic 
torque-limiting  function  and  is  used  for 
disconnection. 

The  installation  of  the  tool  on  the  con- 
nector involves  a  sequence  of  relatively 
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simple,  highly  tactile  steps.  There  is  no 
need  for  precise,  visual  alignment  or  in- 
spection. This  sequence  is  an  important 
feature  of  the  tool-and-connector  concept, 
making  it  adaptable  to  telerobotic  opera- 
tion. 

This  work  was  done  by  Ronald  C. 
Zentner  and  Steven  A.  Smith  of  Boeing 
Aerospace  Co.  for  Johnson  Space 
Center 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive    license    for    its    commercial 
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Refer  to  MSC-21434/TN. 
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Zoom  Vision  System  for  Robotic  Welding 

Replacement  of  optical  components  to  accommodate  different  geometries  would  be  unnecessary. 


A  rugged  zoom  lens  subsystem  has  been 
proposed  for  use  in  the  along-the-torch  vi- 
sion system  of  a  robotic  welder.  The  zoom 
subsystem  would  enable  the  system  to 
adapt,  via  simple  mechanical  adjustments, 
to  gas  cups  of  different  lengths,  electrodes 
of  different  protrusions,  and/or  different  dis- 
tances between  the  end  of  the  electrode 
and  the  workpiece.  The  zoom  subsystem 
would  make  it  unnecessary  to  change  op- 
tical comixinents  to  accommodate  such 
changes  in  geometry,  as  one  must  do  in  the 
present  system.  It  would  be  easy  to  calibrate 
with  respect  to  the  object  in  view. 

The  zoom  subsystem  would  be  optically 
compensated.  It  would  include  an  objective 
(lens  1)  and  a  zoom/focus  cell  containing 
positive  lenses  2  and  4  and  negative  lens 
3  (see  figure).  The  objective  would  collect 
the  light  from  the  welding  scene  being 
viewed;  the  zoom/focus  subsystem  would 
provide  the  variable  magnification  and  fo- 
cusing ability  needed  to  adjust  to  the  various 
welding  setup  geometries. 

The  fact  that  the  zoom  subsystem  would 
be  optically  (rather  than  mechanically)  com- 
pensated is  important.  Mechanical  compen- 


sation necessitates  the  use  of  a  complicated 
cam  that  provides  the  requisite  nonlinear 
displacements  between  lenses.  Optical  conn- 
pensation  does  not  require  such  a  cam  — 
at  least,  not  in  this  subsystem,  in  which  any 
needed  changes  in  magnification  would  be 
relatively  small. 

In  a  general  optically  compensated  sub- 
system, two  or  more  lenses  are  moved  line- 
arly, in  tandem,  with  respect  to  other  lenses, 
which  remain  fixed.  In  the  proposed  system, 
lenses  2  and  4  would  be  attached  to  each 
other  and  moved  with  respect  to  lens  3.  This 
linear  tandem  motion  would  provide  the 
variable  focus  and  variable  magnification, 
including  the  ability  to  zoom  in  on  a  weld 
feature  at  higher  magnification. 

This  work  was  done  by  Jeffrey  L.  Gilbert 
and  Russell  M.  Hudyma  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center  Refer  to 
MFS-29712/TN. 
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(205)  544-2223 

Patent  Counsel: 
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The  Zoom  Optical  Subsystem  would  provide 
variable  focus  and  variable  magnification. 
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Sealing  Nitrogen  Tetroxide  Leaks 

Leaks  can  be  stopped  in  place,  without  draining  or  replacement  of  leaking  parts. 


Hole  for 
Clam-Shell  Bolt 

Sealant 


Leaking  Fitting 
(e.g.,  Dynatube 
or  Equivalent) 

Filling  Port 
(Hidden  Behind 
Fitting) 


Clam-Shell 
Device 


Tube  Containing 
Oxidizer 


Figure  1.  The  Clam-Shell  Device  covers  the 
leaking  fitting.  It  is  not  necessary  to  remove 
the  leaking  fitting  or  otherwise  disturb  the 
plumbing. 

The  use  of  Furmanite  FSC-N-6B  (or 
equivalent)  sealant  in  a  clam-shell  sealing 
device  makes  it  possible  to  stop  leaks  of 
nitrogen  tetroxide  through  defective  or 
improperly-seated  plumbing  fittings.  This 
type  of  repair  was  devised  to  stop  leaks  of 
nitrogen  tetroxide  oxidizer  in  a  vent  line  of  a 
small  rocket  motor  on  the  Space  Shuttle. 
The  leak-stopping  technique  can  also  be 


Figure  2.  In  this  Completed  Re- 
pair, extruded  excess  sealant  pro- 
trudes from  befv\/een  the  halves  of 
the  clam-shell  device. 


used  on  plumbing  containing  hydrazine 
and  other  hazardous  fluids,  and  the  repair 
can  withstand  severe  temperature,  vibra-' 
tion,  and  shock. 

The  leaking  fitting  [a  Dynatube  (or  equi- 
valent) line  fitting  or  a  weld  sleeve,  for  ex- 
ample] or  the  region  of  a  tube  containing  a 
leak  is  covered  with  a  clam-shell  device 
equipped  with  a  filling  port  (see  Figure  1). 


This  device  is  filled  under  pressure  with  the 
sealant  material  until  the  material  is  extrud- 
ed through  the  thin  spaces  between  the 
mating  surfaces  (see  Figure  2). 

Tills  work  was  done  by  George  G.  Garrard, 
Donald  W.  Houston,  and  Frank  D.  Scott  of 
Rockwell  International  Corp.  for  Johnson 
Space  Center.  No  furttier  documentation 
is  available. 
MSC-21600/rN 
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CfVliVI  Software  Performance  Update 
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Model  of  ATS 


Coordinate  Measuring  Machines 
(CMMs)  produce  measured  data  values 
that  must  be  analyzed  in  terms  of  inter- 
esting features  by  special  purpose 
software.  NIST  is  studying  the  perfor- 
mance of  this  software,  with  the  primary 
goal  of  establishing  confidence  in  mea- 
sured values  produced  by  CMM  systems. 
One  of  the  exhibits  at  NISTs  October 
Automation  Open  House  was  a  demon- 
stration of  the  Algorithm  Testing  System 
(ATS),  which  provides  a  mechanism  for 
evaluating  the  performance  of  CMM  data 
reduction  software  without  entering  the 
proprietary  realm  of  vendor  software. 

The  major  components  of  the  ATS 
are  the  data  generator,  test  algorithms, 
reference  algorithms,  and  comparator 
(see  illustration  opposite  page).  The 
data  generator  provides  a  flexible  way  of 
creating  test  data.  It  enables  a  manu- 
facturer to  design  customized  test  cases 
that  reflectthepartsthatthe  manufacturer 
produces.  This  data  is  then  fitted  with  a 
test  algorithm  (i.e.,  the  CMM  software) 
and  a  reference  algorithm  developed  at 
NIST.  The  results  are  evaluated  by  the 
ATS  comparator  and  a  report  is  issued. 

Essentially,  the  ATS  enables  a  CMM 
user  to  design  and  conduct  experiments 
by  manipulating  the  factors  that  contrib- 
ute to  the  variability  of  CMM 
measurements.  As  currently  defined, 
these  factors  fall  into  the  following  cat- 


egories: geometricdescription,form  error 
description,  sampling  strategy,  mea- 
surement error  description,  fit  criteria, 
and  computing  environment.  Geometric 
description  factors  include  geometry  type, 
size,  location,  and  orientation.  The  form 
error  description,  determined  by  infor- 
mation from  the  manufacturing  process, 
includes  form  error  type  and  magnitude. 
Sample  pattern  and  size  are  the  com- 
ponents of  the  sampling  strategy. 
Measurement  error  distribution  and 
magnitude  reflect  the  error  attributed  to 
the  measurement.  Data  reduction  soft- 
ware use  a  variety  of  fit  criteria  for 
constructing  substitute  geometries.  A 
cylinder  modeled  by  a  least  squares 
method  may  differ  significantly  from  a 
cylinder  modeled  by  a  minimax  method. 
Finally,  computing  environment  factors 
such  as  precision  and  compiler  may  af- 
fect the  performance  of  software. 

The  initial  implementation  of  the  ATS 
focuses  on  the  construction  of  single, 
basic  geometries  using  least  squares 
methods.  The  ATS  is  capable  of  evalu- 
ating lines,  planes,  circles,  spheres, 
cylinders,  and  cones.  Future  imple- 
mentations of  the  ATS  will  enable  the 
evaluation  of  more  complex  geometries 
as  well  as  the  relationships  between 
geometries.  Additionally,  NIST  plans  to 
develop  reference  algorithms  based  on 
minimax  methods. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Mary  Beth  Algco,  Building  220, 
Room  A-127,  AMRF  Project,  Nauonai  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975- 
2888. 
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Fast-Probing  Produces  Efficient  On-Machine 
Inspection 


6-Inch  Diameter  Part  Being  Probed  Inside  a  Turning  Center 


AMRF  engineers  have  demonstrated  on- 
machine  inspection  of  a  machined  part 
using  "Fast-probing,"  with  a  repeatability 
of  one  micrometer.  Six  points  on  a  part 
were  probed  in  1 1  seconds,  one-third 
the  time  used  by  typical  slow  feed  rates. 
Fast-probing  increases  the  machining 
productivity  of  a  machine  tool  where  on- 
machine  inspection  is  performed. 

In  small-batch  (one  to  ten  parts) 
manufacturing,  traditional  statistical 
quality-control  or  process-control  tech- 
niques are  not  sufficient.  One  method  of 
improving  the  accuracy  of  parts  is  to  use 
process-intermittent  gauging  (i.e.,  part 
probing  on  the  machine  tool).  However, 


the  desire  to  shorten  machining  cycle 
times  makes  long  inspection  times  unac- 
ceptable. Probing  cycles  currently 
implemented  by  machine  tool  controllers 
use  slow  feed  rates,  and  are  slow  in 
transferring  probe  data  to  external 
computers.  Consequently,  they  use  sig- 
nificant amounts  of  machine  time  on 
non-value  added  probing.  Fast  part 
probing  using  atouch-triggerprobe,  with 
about  one  probe  trip  per  second,  mini- 
mizes the  time  consumed  by  the 
measurement. 

Fast-probing  is  made  possiblethrough 
the  development  at  NIST  of  the  Real- 
Time  Error  Corrector  (RTEC),  as  part  of 
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the  Quality  in  Automation  project.  The 
RTEC  has  been  inserted  between  the 
position  feedback  devices  and  the  ma- 
chine tool  controller.  Prior  to  probing,  the 
location  of  the  part  is  known,  since  it  has 
just  been  cut,  to  within  the  accuracy  of 
the  machining  process.  During  the 
probing  cycle,  a  part  program  is  used  to 


move  the  probe  into  the  part  at  a  rapid 
rate  (100  in/min).  The  RTEC  reads  the 
probe  trip  and  records  machine  position. 
Since  the  RTEC  is  microcomputer  based, 
coordinate  measuring  machine  typedata 
analysis  can  be  performed  while  ma- 
chining continues. 


( 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Kenneth  Yee,  Building  202,  Room 
115,  AMRF  Project,  National  Institute  of  Standards  and  Technology,  Gaithersburg,  MD  20899;  (301)975-6617. 
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Proximity  Sensors  Make  Robot  Dexterous 

Reflected  beams  measure  distances  and  orientations  of  objects  for  grasping. 


A  control  systenn  enables  a  robot  tiand 
to  grasp  objects  of  varied  shapes.  Key 
features  of  the  system  are  (a)  reflective 
proximity  sensors  that  furnish  data  on  the 
position,  orientation,  and  distance  of  the 
object  and  (b)  a  software  protocol  that  con- 
trols the  sequence  of  operations  in  ap- 
proaching and  grasping  the  object. 

As  the  hand  approaches  an  object,  the 
outermost  proximity  sensors  (those  near 
the  tips  of  the  fingers)  detect  the  object.  If 
any  of  the  outer  sensors  do  not  detect  the 
object,  the  system  reorients  the  hand  until 
they  do.  This  arrangement  makes  the  axis 
of  approach  of  the  hand  perpendicular  to 
the  principal  axis  of  the  object  —  the  best 
orientation  for  reliable  grasping  (see  Figure 

1). 

Each  sensor  sends  a  beam  of  light  to  the 
target  and  detects  the  reflected  beam  to 
measure  the  distance  from  the  sensor  to  a 
point  on  the  object.  Again-adjusting  circuit 
compensates  for  the  variation  in  the 


strength  of  the  reflected  signal  with  dis- 
tance. This  scheme  enables  the  sensors  to 
work  at  distances  of  0  to  4  in.  (10  cm). 

From  the  measurements,  the  system  di- 
rects the  fingers  to  arrange  themselves 
along  the  contour  of  the  object,  wrapping 
around  the  object  without  touching  it.  The 
system  thus  forms  a  trap  around  the  object 
and  minimizes  the  probability  that  the  ob- 
ject will  escape.  Even  if  the  object  is  too 
large  for  the  hand  to  encircle  it  fully  such 
contour  following  provides  the  largest 
possible  grasping  surface. 

The  system  then  directs  the  fingers  to 
close  in  on  the  object  and  secure  it  by  ap- 
plying force.  If  the  object  becomes  slightly 
misaligned  during  the  closing  operation, 
the  system  reorients  the  hand  or  fingers  to 
maintain  the  best  spatial  relationship 
(Figure  2).  The  reflected-beam  sensing 
concept  can  be  applied  to  simple  opposed- 
jaw  industrial  grippers  as  well  as  to  dex- 
terous robot  hands.  In  gripper  applications, 


it  will  enable  reorientation  of  grippers  to 
align  them  with  the  objects  to  be  grasped, 
followed  by  controlled  trapping  of  the  ob- 
jects. 

This  work  was  done  by  Cliff  Hess  and 
Larry  C.H.  Li  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center 
Refer  to  MSC-21476/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C   Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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CONTOUR  FOLLOWING 
AND  TRAPPING  BEGINS 


APPROACH  CONTINUES: 
OUTER  RIGHT  SENSORS 
1  TRIGGERED  FIRST;  APPROXIMATE 
'  ORIENTATION  DETECTED 


O  Sensor  On 
O  Sensor  OtI 


HAND  ROTATES  TO 
RIGHT  UNTIL  ALL  OTHER 
SENSORS  ARE  TRIGGERED 


Figure  1 .  On  Initial  Approach,  a  hand  rotates  clockwise  until  all  sensors 
on  thie  fingertips  are  triggered.  When  the  hand  is  aligned  perpendicular 
to  the  axis  of  the  object,  it  continues  its  approach  and  starts  to  follow  the 
contour  of  the  object. 


FINGERS  CLOSE  ON  OBJECT 


OBJECT  CHANGES 
ORIENTATION. 
FINGERS  FOLLOW 


Figure  2.  As  Fingers  Close  on  the  Object,  the  hand  continues  to 
reorient  itself  as  necessary.  After  trapping  the  object,  the  fingers  finally 
touch  it  and  hold  it. 
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0277  Calculating  the  Resistivity  of  a  Deposited  Film — An  iterative  procedure 
computes  the  resistivity  from  measurements  by  the  four-probe  method. 
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0284     DIPPR  Database  Expanded  to  1,117  Compounds 


Technology  Application 


Ames  Laboratory 


Thermite  Reduction  for  Rare-Earth  Iron  Alloys 


Ames  Laboratory  metallurgists  have  developed  a  thermite  reduction  process  for  making  rare-earth-iron  alloys.  The 
process  provides  a  faster  and  more  cost-effective  way  to  produce  neodymium-iron-alloys  that  arc  needed  in  making 
super-powerful  permanent  magnets.  These  magnets  are  twice  as  strong  as  the  commonly  used  ferrite  magnets  and 
account  for  S90  million  in  annual  U.S.  sales.  This  figure  is  projected  to  increase  to  as  much  as  S2.5  billion  by 
1995.  By  cutting  costs,  this  process  will  allow  the  U.S.  to  compete  with  Europe  and  Japan,  which  have  dominated 
the  supermagnet  market.  The  process  will  also  reduce  U.S.  dependence  on  imports  of  samarium  and  cobalt  needed 
for  permanent  magnets. 

In  this  process,  at  least  one  rare-earth  fluoride  and  ferric  fluoride  are  reduced  with  calcium  in  a  sealed  steel  vessel. 
The  addition  of  ferric  fluoride  serves  as  a  tliermal  "booster"  for  the  reduction  process  by  providing  a  source  of 
chemical  energy  that  raises  the  temperature  of  the  reaction.  The  conventional  method,  which  reduces  the  rare-earth 
fluoride  with  only  calcium,  docs  not  generate  enough  heat  to  separate  the  calcium  from  the  fluoride  slag.  However, 
the  ferric  fluoride  reaction  generates  sufficient  heat  to  melt  both  the  slag  and  the  metal  alloy.  The  heat  comes  from 
the  chemical  reaction,  so  no  furnace  is  needed;  this  method  therefore  involves  a  much  lower  capital  investment  and 
consumes  much  less  energy  than  conventional  methods. 

In  addition  to  its  inherent  cost  advantage,  the  Ames  process  also  has  the  unique  capability  of  utilizing  lower  quality 
feed  stock  materials.  These  materials  can  even  be  of  certain  types  of  rare  earth  scrap  of  effluent  waste  that  are 
produced  during  magnet  production.  This  feature  could  have  a  significant  additional  effect  on  reducing  overall  cost 
of  end-use  products  and  could  also  assist  manufacturers  in  their  problems  related  to  environmental  control  and 
waste  disposal. 

Literature:  F.  A.  Schmidt  and  T.  E.  Wessels,  "High  purity  materials  at  Ames  Laboratory's  MPC,"  Journal  of 
Metals.  May  1987. 

Patent/License  Status:  U.S.  Patent  No.  4,612,047. 

Potential  Applications/Spinoffs:  Rare-earth  alloys  for  magnetic  and  magnetostrictive  devices,  magnetic 
refrigeration  alloys,  alloys  used  in  large  scale  information  processing. 

FOR  ADDITIONAL  INFORMATION:  Contact  Daniel  E.  Williams,  Office  of  Research  and  Technology 
Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University,  Ames,  lA  50011;  (515)294- 
2635. 
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Composite  Materials  for  Ship  Machinery  Applications 


Modern  composite  materials  have  evolved  from  the  fiberglass-reinforced  plastic  laminates 
introduced  in  the  late  1940s.  Composites  offer  the  marine  designer  significant  opportunities  to  improve 
the  performance  and  service  life  of  shipboard  machinery  and  auxiliary  equipment,  while  reducing 
weight  and  containing  costs.  The  decline  of  the  U.S.  steel  industry  over  the  last  decade,  coupled  with 
growing  domestic  consumption  of  advanced  reinforced  plastic  materials  and  the  existing  composites 
technology  base  (pioneered  by  the  aerospace  community)  provide  additional  incentive  to  develop  new 
marine  machinery  applications.  Now  being  studied  are  current  and  potential  applications  of  composites 
in  shipboard  piping  systems,  valves,  centrifugal  pumps,  heat  exchangers,  ventilation  ducting,  fans, 
propulsion  shafting,  hydraulic  systems,  and  marine  diesel  engines.  Future  assessments  include 
proposed  composite  material  applications  in  tanks,  reservoirs,  and  electrical  enclosures. 


FOR  ADDITIONAL  INFORMATION:  Dr.  Basil  Nakonechy  (Code  01 17),  David  Taylor  Research  Center, 
Bethesda,  MD  20084-5000;  (202)227-1307. 
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High-Strength,  Low-Alloy  Steels  for  Ship 
Construction 


Modern  ship  design  in  the  past  decade  shows  a  continuing  trend  of  increased  use  of 
high-strength,  low-alloy  (HSLA)  steel  plate  for  weight  reduction,  increased  payload,  and  increased 
fuel  economy.  Ship  structures  are  subjected  to  a  complex  spectrum  of  dynamic  loadings  and  stresses 
built  into  the  hull  during  fabrication,  and  they  must  operate  in  both  tropical  and  arctic  seas.  The 
structural  integrity  of  the  hull  must  be  assured  in  these  severe  operational  environments.  The  structural 
steels  and  welding  materials  used  in  hull  fabrication  must  demonstrate  high  fracture  toughness  for 
these  extreme  service  conditions. 

The  high-strength  steels  traditionally  used  in  Navy  ship  construction,  HY-80  and  HY-100,  were 
certified  to  meet  these  requirements.  However,  the  welding  of  the  HY-series  steels  requires  a  number 
of  fabrication  controls  to  prevent  cracking.    These  controls  have  resulted  in  high  fabrication  costs  and 
have  limited  the  commercial  application  of  the  HY-series  steels.  The  Navy  initiated  the  HSLA  steels 
research  and  development  program  at  David  Taylor  Research  Center  with  a  goal  of  reducing 
shipbuilding  costs.  The  technical  objective  was,  and  remains,  the  development  and  certification  of 
high-strength  steels  and  welding  consumables,  lessened  parameter  controls  (particularly  preheat),  high 
strength,  high  toughness,  and  high-quality  weldments. 

In  1984,  HSLA-80  steel  (MIL-S-24645),  based  on  ASTM  A710  Grade  A  steel,  was  certified  for 
use  in  ship  construction  after  an  extensive  program  demonstrated  that  the  low-carbon,  copper 
precipitation  strengthened  steels  met  the  performance  requirements  of  HY-80  steel  but  were  readily 
weldable  with  no  preheat.  Lower  fabrication  costs  and  higher  productivity  in  construction  were  the 
benefits  realized  when  HSLA-80  was  substituted  for  HY-  80.  HSLA-80  steel  is  a  primary  structural 
steel  used  in  the  current  construction  of  cruisers  and  destroyers. 

Following  the  successful  HSLA-80  program,  an  alloy  development  and  qualification  program 
began  in  1985,  which  resulted  in  HSLA- 100  steel  (MIL-S-24645A).  HSLA- 100  is  also  a 
low-carbon,  copper  precipitation  strengthened  steel,  meeting  the  strength  and  toughness  of  HY-100 
steel  but  weldable  with  lower  preheat.  HSLA- 100  was  certified  for  use  in  ship  structures  by  the  Navy 
in  early  1989.  HSLA- 100  will  be  used  as  a  replacement  for  HY-100  to  gain  significant  fabrication 
cost  reductions  in  new  construction  over  a  wide  range  of  plate  gages. 

Although  specifically  developed  for  military  construction,  these  weldable,  high-strength  steels  can 
be  used  to  advantage  in  non-DoD  and  civilian  fabrication,  where  strength  and  low-temperature 
fracture  toughness  are  required.  Certainly,  arctic-operating  ships  and  offshore  drill  rigs,  transmission 
towers,  heavy  construction  and  earthmoving  vehicles,  and  nuclear  containment/transportation  vessels 
are  examples  where  the  HSLA  steel  technology  can  be  applied. 

FOR  ADDITIONAL  INFORMATION:  Dr.  Basil  Nakoncchy  (Code  0117),  David  Taylor  Research  Center, 
Bethesda,  MD  20084-5000;  (202)227-1307. 
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Delamination  Analysis  of 
Composite  Curved  Bars 

A  theory  predicts  the  location 
and  magnitude  of  the 
delamination  stress. 


One  of  the  major  causes  of  stiffness 
and  strengtfi  degradations  in  laminated 
composite  structures  is  the  delaminations 
between  composite  layers.  In  most  engi- 
neering applications,  laminated  composite 
structures  have  certain  curvatures  and, 
therefore,  are  subject  to  pxstentia!  delami- 
nation problems  during  service  (cyclic  bend- 
ing loadings).  One  of  the  most  appealing 
geometries  of  a  test  coupon  for  studying 
the  composite  delamination  phenomenon 
is  the  semicircular  curved  bar  shape  (0- 
coupon).  When  such  a  test  specimen  is 
subjected  to  end  forces,  the  peak  radial 
stress  and  the  peak  shear  stress  induced 
in  the  curved  bar  w/ill  be  identical  in  magni- 
tudes but  are  out  of  phase  in  the  tangen- 
tial direction  by  Trl2.  Namely,  the  peak 
radial  stress  is  located  at  the  midspan 
point  of  the  semicircular  curved  bar,  but 
the  peak  shear  stresses  occur  at  both 
ends  of  the  semicircular  curved  bar.  The 


radial  distance  of  both  the  peak  radial 
stresses  and  the  peak  shear  stresses  are 
exactly  the  same.  The  above  nature  of  the 
semicircular  curved  bar  offers  an  excellent 
situation  for  studying  the  initiation  and 
subsequent  propagation  of  delamination 
zones  (open-mode  or  shear-mode)  under 
cyclic  loadings  and  for  studying  the  fatigue 
behavior  (degradation  of  stiffness  and 
strength)  of  multilayered  composite  mate- 
rials. 

The  classical  anisotropic  elasticity  theory 
was  used  to  construct  a  "multilayer"  com- 
posite semicircular  curved  bar  subjected 
to  end  forces  and  end  moments.  The  radial 
location  and  intensity  of  the  open-mode 
delamination  stress  were  calculated  and 
were  compared  with  the  results  obtained 
from  the  anisotropic  continuum  theory  and 
from  the  finite  element  method.  The  multi- 
layer theory  gave  more  accurate  predic- 
tions of  the  location  and  the  intensity  of 


the  open-mode  delamination  stress  than 
those  calculated  from  the  anisotropic  con- 
tinuum theory.  The  "multilayer"  theory  de- 
veloped is  currently  being  applied  to  pre- 
dict the  open-mode  delamination  stress 
concentrations  in  horse-shoe-shaped  com- 
posite test  coupons. 

This  work  was  done  by  William  L  Ko 
and  Raymond  H.  Jackson  of  Ames  Re- 
search Center.  Further  information  may 
t)e  found  in  NASA  TM-4139  [N90-12669], 
Price  Code:  A03  " (Multilayer  Theory  for 
Delamination  Analysis  of  a  Composite 
Curved  Bar  Subjected  to  End  Forces  and 
End  Moments." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  ARC-12347/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240,  (301)  6210100  Ext  241 
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Finite-Element  Composite- 
Analysis  Program 

The  behavior  of  a 
composite  can  be  analyzed 
on  a  microcomputer. 

Advanced  composite  materials  have 
gained  use  in  the  aerospace  industry  dur- 
ing the  last  20  years  because  of  their  high 
specific  strengths  and  stiffnesses  and  low 
coefficients  of  thermal  expansion.  The 
design  of  composite  structures  requires 
the  analysis  of  the  behaviors  of  composite 
materials.  The  Finite  Element  Composite 
Analysis  Program,  FECAP,  is  a  special- 
purpose  finite-element  program  for  analyz- 
ing the  behavior  of  a  composite  material 
with  a  microcomputer  For  the  purpose  of 
this  program,  a  composite  material  is  de- 
fined as  the  combination  of  at  least  two  dis- 
tinct materials  to  form  one  nonhomogene- 
ous  anisotropic  material.  FECAP  is  based 
in  part  on  the  assumption  of  a  state  of  gen- 
eralized plane  strain  in  a  material  consis- 
ting of  two  or  more  orthotropic  phases  and 
subjected  to  mechanical  and/or  thermal 


loading. 

The  finite-element  formulation  used  in 
FECAP  is  based  on  displacement  and  re- 
quires the  minimization  of  the  total  poten- 
tial energy  for  each  element  with  respect 
to  the  unknown  variables.  This  procedure 
leads  to  a  set  of  linear  simultaneous  equa- 
tions relating  the  unknown  nodal  displace- 
ment to  the  applied  loads.  The  equations 
for  each  element  are  assembled  into  a 
global  system,  the  boundary  conditions  are 
applied,  and  the  system  is  solved  for  the 
nodal  displacements.  The  analysis  can  be 
performed  using  either  four-node  linear  or 
eight-node  quadratic  isoparametric  ele- 
ments. The  output  includes  the  nodal  dis- 
placements and  the  stresses  and  strains  in 
the  elements. 

FECAP  was  written  for  a  Hewlett-Pack- 
ard HP9000-Series  200  microcomputer 


with  the  HP  Basic  operating  system.  It  was 
written  in  HP  BASIC  3.0  and  requires  ap- 
proximately 0.5  Mbytes  of  random-access 
memory  in  additbn  to  \Nha\  is  required  for 
the  operating  system.  A  math  coprocessor 
card  is  highly  recommended.  FECAP  was 
developed  in  1988. 

This  program  was  written  by  David  E. 
Bowles  of  Langley  Research  Center. 
LAR-14109/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Calculating  the  Resistivity  of 
a  Deposited  Film 

An  iterative  procedure 
computes  the  resistivity 
from  measurements  by 
the  four-probe  method. 

A  computer  program  and  technique  hiave 
been  developed  to  aid  in  ttie  solution  of  the 
class  of  problems  in  which  measurements 
of  the  electrical  resistivity  are  needed  for  a 
substance  deposited  on  a  substrate  of 
higher  resistivity  than  the  deposited  layer. 

One  of  the  v\/ays  in  which  a  semiconduc- 
tor material  is  characterized  is  by  meas- 
urement of  its  resistivity.  In  the  develop- 
ment of  silicon  carbide  (SiC)  for  use  as  a 
semiconductor  material  for  applications  at 
high  temperatures,  it  became  necessary 
to  measure  the  resistivity  of  the  thin  SiC 
film  while  it  was  still  attached  to  the  silicon 
upon  which  it  had  been  grown  epitaxially 
The  problem  is  that  the  presence  of  the 
silicon  substrate  introduces  an  error  in  the 
measured  resistivity  of  the  SiC.  A  method 
of  calculating  the  "true"  resistivity  of  the 
deposited  layer  on  a  substrate  of  finite  and 
different  resistivity  has  been  discussed  by 


various  authors.  The  present  technique  re- 
sults from  amplification  and  clarification  of 
that  previous  work. 

Four  probes  equally  spaced  along  a  line 
make  contact  with  the  deposited  layer.  A 
current  of  magnitude  I  is  injected  and  with- 
drawn via  the  two  end  probes,  and  the  volt- 
age V  between  the  two  intermediate  probes 
is  measured.  The  unknown  conductivity, 
o.|,  or  resistivity,  p.,,  of  the  deposited  film  is 
to  be  determined  in  terms  of  the  known 
quantities  W/,  the  thickness,  o)^,  of  the  de- 
posited layer,  the  thickness,  cdj,  of  the  sub- 
strate, and  conductivity  Og,  of  the  sub- 
strate. The  four-point  probe  is  used  to 
obtain  02 before  deposition.  The  thickness- 
es of  the  deposited  layer  and  substrate  can 
be  measured  independently 

Starting  from  basic  principles,  an  ex- 
pression for  the  ratio  V/l  is  developed.  This 
expression  involves  the  probe  spacing,  s. 


the  relative  thicknesses  of  the  layers,  and 
the  substrate  resistivity  as  parameters,  as 
well  as  the  unknown  resistivity  of  the  de- 
posited layer.  The  unknown  resistivity  is 
found  by  using  the  computer  program  to 
evaluate  the  theoretical  expression  itera- 
tively 

This  program  was  written  by  Lawrence 
G.  Oberle  and  Gustave  C.  Fralick  of  Lewis 
Research  Center. 
LEW-14389/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Technology  Application 


Ames  Laboratory 

Texture-Measuring  Instrument  Predicts  Drawability 
of  Sheet  IVIetal 


Ames  Laboratory  basic  research  on  how  to  measure  the  texture  of  materials  has  led  to  the  development  of  an 
instrument  that  could  result  in  significant  savings  for  the  sheet  metal  industry.  Industry  needs  to  knovv'  a  material's 
texture  (preferred  grain  orientation)  in  order  to  predict  how  successfully  a  flat  sheet  of  metal  can  be  formed  into 
complex  shapes  without  tearing  or  wrinkling  or  buckling.  Beverage  cans,  automobile  oil  pans  and  door  panels,  and 
aircraft  components  are  all  formed  by  such  "deep  drawing"  processes. 

Current  methods  of  analyzing  texture  are  time-consuming,  require  periodic  sampling  that  is  destructive  to  the 
material,  and  cannot  be  done  on-line  during  production.  It  is  estimated  that  the  beverage-can  industry  loses  roughly 
$40  million  a  year  due  to  lack  of  texture  control.  An  Ames-developed  instrument,  called  Ultraform,  overcomes  the 
limitiUions  of  existing  techniques  by  providing  a  nondestructive  method  that  will  allow  industry  to  immediately 
change  or  correct  production  processes. 

Using  Ulu-aform,  three  sets  of  electromagnetic  transducers  (probes)  are  positioned  on  the  material.  Each  set  of 
probes  contains  r.f.  coils  and  magnets  which  allow  the  probe  to  generate  an  ultrasonic  wave  in  the  sheet.  The  three 
probes  measure  how  fast  this  wave  propagates  at  0, 45,  and  90  degrees  with  respect  to  the  rolling  directions  in  the 
sheet;  the  texture  is  determined  from  this  information.  The  formability  parameters  -  how  well  the  material  can  be 
formed  into  different  shapes  without  tearing  -  are  then  deduced. 

The  design  of  the  digital  components  and  computer  software  development  was  team  effort  between  the  Iowa  State 
University  Center  for  Nondestructive  Evaluation  and  the  Engineering  Services  group  at  Ames,  with  Magnasonics, 
Inc.,  of  Albuquerque,  New  Mexico  supplying  customizxd  parts  for  the  analog  ultrasonics  subsystem  of  the  device. 

The  National  Institute  of  Standards  and  Technology  has  initiated  a  collaborative  research  effort  with  Ames  to 
explore  how  these  techniques  can  be  used  to  predict  properties  in  a  range  of  applications.  This  work  is  still 
continuing  and  has  played  an  important  role  in  defining  practical  configurations.  Ultraform  is  now  being  field 
tested  at  several  sites.  One  company  has  already  expressed  interest  in  licensing  this  instrument  as  one  of  a  series  of 
nondestructive  evaluation  products. 

Literature:  R.  B.  Thompson,  J.  F.  Smith,  S.  S.  Lee,  and  G.  C.  Johnson,  "A  Comparison  of  Ultrasonic  and  X-ray 
Determinations  of  Texture  in  Thin  Cu  and  Al  Plates,"  Metallurgical  Transactions  A,  Vol.  20A,  pp.  2431-2447, 
November  1989. 

Patent/License  Status:  U.S.  Patent  No.  4,899,589. 

Potential  Applications/Spinoffs:  Automobile,  aircraft  and  beverage  can  industry. 

FOR  ADDITIONAL  INFORMATION:  Contact  Daniel  E.  Williams,  Office  of  Research  and  Technology 
Application,  Ames  Laboratory,  1 19  Office  and  Laboratory,  Iowa  State  University,  Ames,  lA;  (515)294-2635. 
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rVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


( 


Nondestructive  Technique  To  Assess  Embrittlement  in  Steels 

Magnetoacoustic  emission  associated  with  reversible  motion  of 
magnetic  domain  walls  is  measured. 


Temper  embrittlement  is  the  loss  of  im- 
pact toughness  that  occurs  in  susceptible 
alloy  steels  when  they  are  heated  within,  or 
slowly  cooled  through,  the  temperature 
range  of  350  to  575  °C.  This  phenomenon 
is  encountered  primarily  during  postfabri- 
cation  heat  treatment  like  that  performed 
to  relieve  residual  stresses.  Temper  em- 
brittlement in  such  steels  as  HY80  has 
been  given  considerable  attention  be- 
cause of  the  extensive  use  of  such  steels 
and  the  continuing  trends  toward  com- 
ponents required  to  have  high  yield 
strength  and  high  impact  toughness.  Cur- 
rently, the  measurement  of  temper  embrit- 
tlement involves  extensive  destructive 
mechanical  testing.  There  is  a  need  for  a 
nondestructive  technique  to  detect  the 
loss  of  impact  toughness  by  temper  em- 
brittlement in  steels. 

Recent  research  at  NASA  Langley  Re- 
search Center  led  to  identification  of  a  non- 
destructive technique  for  the  detection  of 
temper  embrittlement  in  HY80  steel.  The 
technique  measures  magnetoacoustic 
emission  associated  with  reversible  mo- 
tion of  domain  walls  at  low  magnetic  fields. 
A  preliminary  mathematical  model  depicts 
grain  boundaries  as  obstacles  to  the  mo- 
tion of  domain  walls.  Because  of  the 
segregation  of  particular  constituent 
elements  (including  certain  impurities)  at 
grain  boundaries,  embrittled  steel  offers 
greater  obstacles  to  the  motion  of  the  walls 
of  magnetic  domains  than  do  steels  that 
are  not  embrittled. 
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The  Acoustic-Emission  Transducer  detects 
the  acoustic  emissions  generated  by  the  al- 
ternating magnetic  field. 

The  figure  shows  the  test  configuration 
with  magnetic  field  applied  to  the  speci- 
men, a  picl<up  coil  that  detects  the  level  of 
the  magnetic  field  in  the  specimen,  and  an 
ultrasonic  acoustic-emission  transducer 


An  alternating  magnetic  field  is  applied  to 
the  specimen,  and  the  acoustic-emission 
transducer  detects  the  acoustic  emission 
generated  by  the  changing  magnetic  field. 
The  resulting  magnetoacoustic  data  are 
separated  into  pulse-height  categories  to 
form  a  histogram.  The  histogram  for  the 
unembrittled  steel  is  subtracted  from  that 
for  an  embrittled  steel.  The  difference  in 
enclosed  area  is  correlated  with  the 
amount  of  embrittlement. 

The  prediction  of  the  mathematical 
model  and  the  results  of  experiments  indi- 
cate that  magnetoacoustic  emission  in 
embrittled  steels  is  greater  and  qualitative- 
ly different  from  that  in  steels  that  are  not 
embrittled.  This  technique  should  be  of  in- 
terest to  engineers  who  are  responsible  for 
the  reliability  and  safety  of  various  dynami- 
cally loaded  and/or  thermally  cycled  steel 
parts.  Applications  include  the  testing  of 
landing  gears,  naval  vessels,  and  parts 
subjected  to  heat,  such  as  those  found  in 
steam-pipe  fittings,  boilers,  turbine  rotors, 
and  nuclear  pressure  vessels. 

This  work  was  done  by  Sidney  G. 
Allison,  William  T.  Yost,  and  John  H. 
Cantrell  of  Langley  Research  Center 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center 
Refer  to  LAR-ISSUrTN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  62T0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Medicine  &  Biology 


0280  Electromagnetic  Energy  for  the  On-Site  Treatment  of  Severe 
Hypothermia 

0281  Method  and  Apparatus  for  Treatment  of  Hypothermia  by 
Electromagnetic  Energy  (Licensing  Opportunity) 


Other  Items  of  Interest 

0252     RF  Rewarming  System 


i 


U.S.  Navy  Fact  Sheet 


Naval  Aerospace  Medical  Research  Laboratory 


Electromagnetic  Energy  for  the  On-Site  Treatment  of 
Severe  Hypothermia 


Navy  and  Marine  Corps  personnel  who  become  the  victims  of  severe  hypothermia  need  prompt, 
active  rewarming.  Ideally,  a  rewarming  device  would  warm  the  heart  and  central  vasculature  first  and 
could  be  used  in  remote  locations  such  as  at  battalion  aid  stations,  aboard  ships,  or  in  rescue  vehicles. 
Since  1979,  a  project  to  incorporate  electromagnetic  energy  as  a  rewarming  modality  has  been  under 
way  at  the  Naval  Aerospace  Medical  Research  Laboratory  (NAMRL).  Effort  has  centered  around  the 
use  of  a  torso-mounted  radio  frequency  (RF)  coil  system,  and  the  initial  experiments  were  conducted 
with  rhesus  monkey  subjects  and  tissue-equivalent  human  models.  The  early  NAMRL  experiments 
compared  RF  energy  with  a  conventional  heating  pad  for  rewarming  effectiveness,  and  serum  enzyme 
analysis  was  used  to  assess  internal  injury.  Initial  results  showed  that  RF  energy  could  be  safely 
applied  at  rates  of  5  to  10  W/kg  or  three  to  six  times  that  of  basal  metabolic  rate  (BMR)  in  monkeys; 
RF  rewarming  was,  moreover,  twice  as  fast  as  heating  pad  rewarming.  A  man-size  RF  coil  system 
was  then  constructed  and  dosimetrically  tested.  The  full-size  coil  exhibited  both  surface  and  deep 
heating.  Recently,  at  the  Naval  Medical  Research  Institute,  the  coil  system  was  tested  with  human 
volunteers  who  were  rendered  mildly  hypothermic  by  cold  water  immersion.  At  an  RF  dose  rate  of 
approximately  2  W/kg,  core  rewarming  was  typically  accomplished  within  1  hour,  and  the 
characteristic  immersion-induced  temperature  afterdrop  was  greatly  reduced.  The  RF  coil  system  has 
great  potential  for  hypothermia  resuscitation  although  further  development  is  necessary  to  produce  a 
device  that  is  most  useful  to  the  Navy.  The  RF  rewarming  coil  system  has  been  shown  to  be  effective 
in  raising  the  body's  core  temperature  in  many  animal  experiments  and  in  a  preliminary  study  with 
human  subjects.  Although  the  initial  development  effort  has  concentrated  on  use  in  the  military 
operational  environment,  many  other  clinical  applications  exist  such  as  postsurgical  rewarming  and 
emergency  room  resuscitation. 


FOR  ADDITIONAL  INFORMATION:  LCDR  T.  E.  Fleishman,  MSC,  USN,  Naval  Aerospace  Medical  Research 
Laboratory,  Pcnsacola,  FL  35208-5700;  (904)452-3286. 
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U.S.  Navy  Fact  Sheet 


Licensing 
Opportunity 


Naval  Aerospace  Medical  Research  Laboratory 

Method  and  Apparatus  for  Treatment  of  Hypothermia 
by  Electromagnetic  Energy 


This  apparatus  and  method  rewarms  hypothermia  victims  by  using  mutually  inductive  first  and 
second  helical  coils  supported  in  spaced  relation  around  a  subject's  torso,  the  combination  of  coils  and 
subject  having  resonant  frequency  in  the  2  to  20  MHz  range.  An  automatic  tuner  couples  a  radio 
frequency  generator  to  energize  the  coils  at  the  resonant  frequency.  A  portable  version  uses  flexible 


Front  elevational  view  of  a  flexible  coil  and  support  structure 
for  first-aid  application  to  a  hypothermia  victim 


coils  on  an  insulating  and  spacing  jacket  having  a  zippered  opening  with  conductive  teeth  to  complete 
coil  turns. 

Patent  Number  4,685,462 

FOR  ADDITIONAL  INFORMATION:  LCDR  T.  E.  Fleishman,  MSC,  USN,  Naval  Aerospace  Medical  Research 
Laboratory,  Pensacola,  FL  35208-5700;  (904)452-3286.  f 
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Natural  Resources 
Technology  &  Engineering 


Testing  &  Instrumentation 
0282    Measuring  Salinity  Fast 


( 


( 


i 


Research  Technology 

0    Agricultural  Research  Service 


U.S.  Department  of  Agriculture 


Measuring  Salinity  Fast 


Salts  continue  to  take  their  toll 
on  U.S.  irrigated  land.  An  esti- 
mated 4.5  million  acres  out  of  8.6 
million  that  are  irrigated  in  Califor- 
nia are  damaged  to  some  degree  by 
salinity.  Similar  problems  pervade 
much  of  the  Southwest. 

Estimates  for  foreign  countries 
are  even  bleaker.  India  may  have 
up  to  35  percent  of  its  irrigated 
land  seriously  salinized,  while  one- 
quarter  to  one-half  of  South 
America's  irrigated  acreage  may 
be  harmed  by  salts. 

In  this  country,  better  estimates 
may  soon  be  possible  thanks  to  a 
new  measuring  technique  devel- 
oped by  an  Agricultural  Research 
Service  soil  scientist  in  Riverside. 
California.  The  technique  should 
also  provide  other  researchers  with 
better  means  to  find  ways  to  halt  or 
at  least  slow  the  process  of  soil  sal- 
inization  because  they  can  gather 
more  information,  faster. 

ARS'  James  D.  Rhoades  says  he 
can  now  determine  the  salinity  of 
soil  samples  in  60  seconds,  while 
previous  tests  took  up  to  12  hours. 
The  new  technique  that  he  devel- 
oped at  the  U.S.  Salinity  Labora- 
tory uses  battery-operated  measur- 
ing devices  so  that  tests  can  be 
done  in  fields. 

This  fast,  accurate  test  will  help 
scientists  more  precisely  map  large 


Irrigated  cropland  in  California's 
Imperial  Valley.  (K-1918-10) 


saline  areas.  If  they  detect  much 
variation  within  a  field,  they  can 
gather  more  samples  while  they  are 
doing  the  testing.  Alternatively,  they 
can  limit  sample  numbers  if  the  dif- 
ferences are  few  from  one  test  site 
to  another. 

Key  to  the  new  test  is  measure- 
ment of  the  weight  and  electrical 
resistance  of  soil  paste  made  by 
mixing  the  soil  sample  with  water 
and  then  placing  it  in  a  cup  of  known 
volume.  Scientists  then  calculate  soil 
salinity  based  on  their  recently  devel- 
oped model  of  electric  flow  through 
soils. 

James  D.  Rhoades  is  director  of 
the  USD  A- ARS  U.S.  Salinity  Labora- 
tory, 4500  Glenwood  Drive.  River- 
side, CA  92501  (714)369-4814.    ♦ 
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Physical  Sciences 


0283  Inorganic  Polymer  Membranes 

0284  DIPPR  Database  Expanded  to  1,117  Compounds 

0285  Trigonometric  Polynomials  for  Estimation  of  Spectra — Suboptimal 
substitutes  for  discrete  prolate-spherioidal  data  windows  are  easier  to 
compute. 

Testing  &  Instrumentation 

0286  New  Metfiod  is  More  Sensitive  for  Quantitatively  Determining  Water 

0287  Fiber-Optic  Coupler  and  Dynamic-Range  Enhancer  for  CARS — Simpler 
equipment  yields  higher  coupling  efficiency  with  fewer  adjustments. 

0288  Measuring  Response  of  Propellant  to  Oscillatory  Heat  Flux — A 
microwave  Doppler  velocimeter  measures  the  motion  of  the  combustion 
front. 

0289  Time-Resolved  Measurements  of  Laser  Far-Field  Patterns — Far-field 
patterns  are  sampled  at  discrete  times  during  pulses. 

Other  Items  of  Interest 

0248     Computer-Aided  Molecular  Design  Applied  to  Coal  Research 
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Technology  Application 


Idaho  National  Engineering  Laboratory 


Inorganic  Polymer  Membranes 


Laboratory  tests  to  develop  inorganic  polymer  systems  for  gas  and  liquid 
separations  in  adverse  environments  have  focused  on  the  following  areas:  1) 
acid  gas  removal  (SOp,  H2S,  and  CO2),  2)  hazardous  organics  from  air  and 
water,  and  3)  metal  ion  separations.  These  areas  of  research  could  have 
applications  in  environmental  control,  environmental  cleanup,  gas  processing, 
food  processing,  and  materials  recovery. 


ADVANTAGES 

Broad  range  of  properties  (liquids,  elastomers, 
nonelastic  solids,  etc.) 

Thermally  stable  (up  to  540°  C) 

Chemically  resistant  (resists  acids,  bases,  and 
organic  solvents) 

Radiation  resistant  (tested  in  Advanced  Test  Reactor) 

SUMMARY 

Membranes  successfully  cast  on  ceramics 

Asymmetric  structures  prepared 

Selectivities  for  poly[bis(phenoxy)phosphazene]-(PPOP) 

SO2  from  N2    (9  100  CH2CI2  from  H2O  @  10,000 

CO2  from  CH4   0  10  CCI4  (1%)  from  N2  at  21 

H2S  from  CH4   0  22  CH2CI2  (1%)  from  N2  at  84 

A  composite  membrane  of  PPOP/alumina  survived  at  190°C 
(seals  failed) 
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Cyclomatrix  membrane  exhibited  potential  for  use  in 
separation  of  He  or  Ho  from  other  gases.  Selectivities 
He/N2  @  50  -  He/CH4  0  100 


CONTACT: 

Mark  L.  Stone 

EG&G  Idaho,  Inc. 

P.  0.  Box  1625 

Idaho  Falls,  ID  83415 

(208)  526-8664/FTS  583-8664 

or 

Bryant  C.  Hafen 

Office  of  Research  &  Technology  Applications 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  1625 

Idaho  Falls,  ID  83415 

(208)  526-2883/FTS  583-2883 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

DIPPR  Database  Expanded  to  1,117  Compounds 


The  DIPPR  (Design  Institute  for  Physical  Property  Data)  Data  Compilation  of  Pure  Compound  Properties,  1990, 
now  contains  information  on  39  properties  for  1,1 17  pure  chemical  compounds  of  high  industrial  priority.  The 
DIPPR  database  provides  chemical  engineers,  manufacturers,  and  scientists  with  quick  access  to  important 
information  on  the  behavior  of  substances  and  their  properties  at  various  temperatures.  The  database  includes 
information  on  the  thermodynamic,  physical,  and  transport  properties  of  each  chemical.  Values  arc  given  for  26 
single-valued  property  constants  for  each  compound  and  for  13  properties  as  functions  of  temperature,  calculated 
from  correlation  coefficients.  The  chemicals  were  selected  by  industry  members  of  the  American  Institute  of 
Chemical  Engineers'  (AIChE)  DIPPR  group  and  are  considered  to  be  the  most  important  ones  to  indusu-y. 

FOR  ADDITIONAL  INFORMATION:  DIPPR,  NIST  Standard  Reference  Database  1 1,  is  available  for  S3, 400  on 
standard  diskettes  for  personal  computers  (PCs)  or  on  magnetic  tape.  To  order  PC  Version  5.0  or  to  obtxiin  a 
license  agreement  for  the  database  in  magnetic-tape  form,  contact  the  Standard  Reference  Data  Program,  A320 
Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  301/975-2208. 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Trigonometric  Polynomials  for  Estimation  of  Spectra 

Suboptimal  substitutes  for  discrete  prolate-spheroidal  data  windows  are  easier  to  compute. 


Orttiogonal  sets  of  trigonometric 
polynomials  can  be  used  as  suboptimal 
substitutes  for  tfie  discrete  prolate- 
spheroidal  "windows"  of  the  Thomson 
method  of  estimation  of  spectra.  As  used 
here,  "windows"  denotes  weighting  func- 
tions used  in  sampling  time  series  to  obtain 
their  power  spectra  within  specified  fre- 
quency bands.  The  simplified  windows  are 
designed  to  require  less  computation  than 
do  the  discrete  prolate-spheroidal  win- 
dows, albeit  at  the  price  of  some  loss  of  ac- 
curacy 

With  respect  to  a  frequency  band 
[fQ-  W,  (q+W],  the  leakage  Llg,  iAO  of  a 
function  g  of  discrete  or  continuous  time  is 
defined  as  the  fraction  of  its  total  energy 
contained  in  frequencies  outside  [-W,W]. 
As  such,  the  leakage  of  a  window  is  a 
measure  of  its  inaccuracy.  The  discrete 
prolate-spheroidal  windows  of  the  Thomson 
method  are  orthonorma!  and  optimal  with 
respect  to  leakage  —  that  is,  they  have 
minimal  leakage  in  a  space  of  sequences 
that  contain  the  number  of  terms,  N,  of  the 
time  series. 

A  recent  effort  to  simplify  the  calculation 
of  orthogonal  windows  and  to  extend  their 
applicability  to  unevenly-spaced  and 
multidimensional  data  involved  the  use  of 
trigonometric  polynomials.  In  this  ap- 
proach, the  coefficients  of  the  polynomials 
and  their  leakages  are  respectively  the 
eigenvectors  and  eigenvalues  of  a  certain 
matrix,  the  entries  of  which  depend  on  N. 
In  the  new  approach,  one  obtains  a  further 
simplification  for  evenly-spaced  one- 
dimensional  data  by  deriving  the  coeffi- 
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These  Frequency  Responses  are  those  of  the /f  =  Oand/c  =  4  trig  prolate  windows  of  degree 
4  for  bandwidth  w  =  NW  =  4.  (The  complete  sequence  includes  windows /c  =  Oto/c  =  8.)  The 
relative  frequency,  y,  is  the  deviation  from  the  middle  of  the  frequency  band,  in  units  of  the  re- 
ciprocal of  the  sampling  period.  The  total  energy  of  each  window  is  1. 


cients  and  leakages  of  an  orthonormal  set 
of  continuous-time  trigonometric  poly- 
nomials that  do  not  depend  on  N.  They  are 
converted  to  discrete-time  data  windows 
by  sampling  them  at  N  properly-chosen 
points.  The  new,  simplified  windows  are 
called  "sampled  trig  prelates"  (see  figure). 
Fo[  w  =  NW  =  2  to  5,  and  8W  not 
greater  than  the  Nyquist  frequency  (i.e.,  N 
>  ^6w),  one  pays  a  leakage  penalty  of  at 
most  2.6  dB  for  not  using  the  optimal  dis- 
crete prolate-spheroidal  windows.  In  re- 
turn, one  needs  merely  to  evaluate  certain 


trigonometric  polynomials  of  degree  w.  In 
contrast,  the  evaluation  of  the  discrete  pro- 
late-spheroidal windows  requires  the  solu- 
tion oi  an  NxN  symmetric  Toeplitz  matrix 
eigensystem.  The  prospective  user  of  the 
Thomson  method  might  regard  the  2.6<1B 
penalty  as  an  acceptable  price  to  pay  for 
avoiding  such  complexity. 

This  work  was  done  by  Charles  A. 
Greenhall  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-17885/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  PO^  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUfVIBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Technology  Application 


Ames  Laboratory 


New  Method  is  More  Sensitive  for  Quantitatively 
Determining  Water 


A  new  analytical  method  developed  at  the  Ames  Laboratory  provides  an  economical,  speedy  and  versatile  way  to 
determine  the  amount  of  water  in  organic  and  inorganic  materials. 

The  most  commonly  used  procedure  for  determining  water,  the  Karl  Fischer  method,  has  various  limitations.  It 
requires  certain  chemical  reagents  and  cannot  be  used  for  samples  that  contain  oxidizing  or  reducing  substances 
which  may  react  with  the  reagent.  Also,  the  visual  titration  end  point  is  difficult  to  discern  and  there  are  numerous 
interferences.  The  Ames  method  overcomes  these  limitations  and  cuts  costs  by  reducing  the  materials  and  labor 
required  in  the  conventional  technique. 

The  Ames  Laboratory  method  combines  the  excellent  separation  capability  of  ion-exclusion  chromatography  with  a 
novel  and  sensitive  method  of  detection.  To  separate  components,  a  sample  is  first  pumped  through  a  column 
packed  with  a  cation-exchange  resin.  The  sample  is  continually  "chased"  with  an  eluent  that  contains 
cinnamaldchyde  and  methanol.  Most  of  the  ions  and  organic  sample  components  pass  rapidly  through  the 
column  but  the  water  is  slowed  down  by  the  resin  beads  and  emerges  separately. 

The  presence  of  cinnamaldchyde  in  the  eluent  is  key  to  the  method's  novel  detection  system.  When  water  is 
present  and  comes  into  contact  with  cinnamaldchyde  in  the  eluent,  it  converts  cinnamaldchyde  to  an  acetal  form. 
The  shift  from  one  form  to  another  is  detected  and  measured  by  a  spectrophotometer;  the  amount  of  shift  is 
proportional  to  the  amount  of  water. 

Because  the  water-cinnamaldehyde  reaction  occurs  after  the  separation,  water  can  be  determined  in  the  presence  of 
substances  which  would  interfere  if  a  separation  column  were  not  employed.  These  substances  include  aldehydes 
and  ketones. 

Literature:  N.  E.  Fortier  and  J.  S.  Fritz,  "Use  of  a  Post-Column  Reaction  and  Spectrophotometric  Detector  for  the 
Liquid  Chromatographic  Determination  of  Water,"  Journal  of  Chromatography,  462,  pp.  323-332,  (1989). 

Patent/License  Status:  Patent  application  filed. 

Potential  Applications/Spinoffs:  Pharmaceutical,  adhesives  industry.  Determination  of  water  in  inorganic  salts. 
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Fiber-Optic  Coupler  and  Dynamic-Range  Enhancer  for  CARS 

Simpler  equipment  yields  higher  coupling  efficiency  with  fewer  adjustments. 


In  an  innproved,  more  efficient  schenne 
for  coupling  a  cotierent  anti-Stokes  Raman 
spectroscopy  (CARS)  signal  from  a  meas- 
urement volume  to  a  monochromator,  an 
optical  fiber  and  two  lenses  are  used  in 
place  of  a  previous  complicated  system 
of  mirrors,  prisms,  and  lenses  that  required 
many  adjustments  and  exhibited  poor 
coupling  efficiency  Complementing  the 
improved  fiber-optic  coupling  scheme  is 
an  improved  scheme  for  splitting  the  beam 
of  light  in  the  monochromator  to  enhance 
the  dynamic  range.  A  large  dynamic  range 
is  necessary  because  in  CARS  (vi^hich  is 
used  to  determine  temperatures  and  con- 
centrations of  species  in  chemically  reac- 
ting flows),  the  intensities  of  the  signals 
vary  by  factors  of  the  order  of  100  as  tem- 
peratures in  measurement  volumes  rise 
from  ambient  to  typical  combustion  values. 

In  the  improved  coupling  scheme  (see 
Figure  1),  numerical  apertures  are  matched 
and  magnifications  are  chosen  so  that  the 
dimensions  of  the  final  image  of  a  spec- 
tral line  nearly  match  those  of  one  of  the 
photodiodes  in  the  linear  array  of  photo- 
diodes  that  constitute  the  detector  in  the 
spectrometer  The  optical  fiber  has  a  di- 
ameter of  50  fim  and  a  numerical  aper- 
ture of  0.2;  the  beam  leaving  the  fiber  is 
recollimated  by  a  10  x  microscope  objec- 
tive lens  that  has  a  numerical  aperture  of 
0.25.  A  vertical  cylindrical  lens  of  75-mm 
focal  length  focuses  the  beam  in  the  hori- 
zontal plane  to  a  width  of  0.22  mm  and 
a  numerical  aperture  of  0.05  (approximate- 
ly matching  that  of  the  monochromator) 
at  the  input  location  of  the  monochromator 
A  horizontal  lens  of  100-mm  focal  length 
focuses  the  beam  in  the  vertical  plane  to 
a  height  of  2.0  mm  (matching  that  of  a 
photodiode)  and  a  numerical  aperture 
slightly  less  than  that  of  the  monochro- 
mator, so  that  the  beam  underfills  the  mir- 
rors and  grating  of  the  monochromator 

For  enhancement  of  the  dynamic  range, 
the  beam  is  split  inside  the  monochroma- 
tor (see  Figure  2).  An  optical  wedge  (or 
several  such  wedges)  in  the  collimated 
beam  between  the  first  mirror  and  the  dif- 
fraction grating  deflects  a  portion  of  the 
beam  horizontally  through  a  small  angle 
to  produce  a  secondary  image.  The  inten- 
sity of  each  secondary  image  depends  on 
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Figure  1.  Cylindrical  Lenses  focus  light  from  an  optical  fiber  into  a  beam  of  approximate- 
ly rectangular  cross  section  at  the  input  plane  of  the  monochromator. 
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Figure  2.  An  Optical  Wedge  diverts  part  of  the  beam  in  the  monochromator  to  produce 
a  less-intense  secondary  image. 


the  size,  angle,  and  location  of  the  wedge{s). 
When  the  input  intensity  is  high,  one  of  the 
secondary  images  is  selected  as  the  pri- 
mary image  is  saturated  (over  the  range 
of  the  detector)  and  is  therefore  meaning- 
less. 


This  work  was  done  by  Andrew  D. 
Cutler  of  George  Washington  University 
for  Langley  Research  Center. 
LAR-14235/TN 
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Measuring  Response  of  Propellant  to  Oscillatory  Heat  Flux 

A  microwave  Doppler  velocimeter  measures  the  motion  of  the  combustion  front. 


An  apparatus  for  research  in  the  com- 
bustion of  solid  propellants  measures  the 
oscillatory  response  of  the  rate  of  burning 
to  oscillating  thermal  radiation  from  a  mod- 
ulated CO2  laser.  The  purpose  of  such  meas- 
urements is  to  determine  the  response  of 
the  rate  of  burning  to  an  equivalent  oscilla- 
tion in  pressure,  which  response  is  more  dif- 
ficult to  measure  because  it  is  not  always 
possible  to  generate  pressure  oscillations 
of  sufficient  amplitude.  The  measurements 
performed  in  the  new  apparatus  are  con- 
verted to  the  desired  response  to  pressure 
via  equations  derived  from  the  theory  of  com- 
bustion. 

A  rod  of  propellant  is  mounted  in  a  burner 
assembly  that  includes  a  waveguide  at  one 
end  and  an  infrared  window  at  the  other  end 
(see  Figure  1).  A  microwave  Doppler  velo- 
cimeter measures  the  motion  of  the  com- 
bustion front.  The  microwaves  enter  the 
burner  assembly  via  the  waveguide  and  a 
dielectric  transition  piece,  are  guided  along 
the  unburned  portion  of  the  propellant  to  the 
combustion  front,  and  are  reflected  back 
along  the  foregoing  transmission  path  to  the 
microwave  apparatus.  The  microwave  phase 
shift  and  rate  of  change  of  phase  shift  (Dop- 
pler rate)  are  measured  to  determine  the 
position  and  speed,  respectively,  of  the  com- 
bustion front. 

Meanwhile,  the  burning  end  of  the  pro- 
pellant rod  is  thermally  irradiated  through 
the  infrared  window  with  the  modulated 
laser  beam.  The  duration  and  frequency  of 
heat-flux  pulses  are  monitored  and  adjusted 
by  monitoring  and  adjusting  the  laser  cur- 
rent. A  tracking  filter  tuned  to  the  laser-pulse 
frequency  filters  the  laser-current  signal  and 
the  oscillatory  component  of  the  Doppler 
shift.  The  difference  between  the  phases 
of  these  two  signals  is  measured  and  re- 
corded. Also  recorded  are  the  mean  Dop- 
pler phase  shift,  the  pressure  in  the  burner, 
and  the  heat-flux  measurement  from  a  calori- 
meter (see  Figure  2). 
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Figure  1.  The  Propellant  Rod  is  irradiated  from  the  left  with  microwaves  and  from  the  right 
with  an  infrared  laser  beam  while  its  right  face  bums.  TTie  Doppler  shift  in  the  reflected  microwaves 
is  a  measure  of  the  motion  of  the  combustion  front. 
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Figure  2.  Microwave,  Laser-Current,  and  Heat-Flux  Signals  are  processed  into  and  recorded 
in  fomns  that  are  useful  in  detemnining  the  desired  response  of  the  propellant. 


Initial  tests  were  performed  on  a  propel- 
lant of  a  type  that  had  also  been  tested  by 
the  modulated-pressure  technique.  The  data 
showed  a  reduction  in  the  amplitude  of  the 
Doppler  phase  shift  with  burn  time,  attributed 
to  the  attenuation  of  the  radiant  flux  by  the 
column  of  combustion-product  gases  grow- 
ing in  the  burner  The  absolute  value  and 
the  argument  of  the  burning-rate-response 
function  were  plotted  as  functions  of  fre- 


quency from  0  to  1  kHz,  and  the  argument 
data  show  the  same  type  of  variations  dur- 
ing individual  burns  as  those  observed  in 
previous  oscillatory-pressure  measure- 
ments. 

This  work  was  done  by  Leon  D.  Strand, 
Ken  Schwartz,  and  Shawn  P.  Burns  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NP0-17428/TN 
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Time-Resolved  Measurements  of  Laser  Far-Field  Patterns 

Far-field  patterns  are  sampled  at  discrete  times  during  pulses. 


A  connputer-controlled  scanning  photo- 
metric instrunnentation  system  measures 
the  intensity  pattern  in  the  far  field  of  a 
pulsed  laser  as  a  function  of  time  during 
each  pulse  (provided  that  a  pulse  is  at 
least  1  ns  long).  Time-resolved  measure- 
ments of  the  far-field  radiation  pattern  are 
important  in  assessing  the  utility  of  a  laser 
for  laser  communication,  optical  recording, 
remote  sensing,  or  pumping  another,  solid- 
state  laser.  Such  measurements  are  also 
important  in  studying  the  dynamics  of  laser 
operation:  they  can  reveal  such  previous- 
ly unobservable  phenomena  as  oscilla- 
tions of  undesired  spatial  modes  of  the  ra- 
diation pattern  during  the  pulse,  steering 
of  the  beam  during  the  pulse,  and  instabili- 
ty in  the  intensity  of  the  laser  beam. 

The  principal  advantages  of  the  system 
are  its  relatively  low  cost  —  about  $30,000 
(1990  prices)  —  and  its  ability  to  function 
under  normal  lighting  conditions  w/ithout 
incurring  damage.  A  streak-camera  sys- 
tem can  make  time-resolved  measure- 
ments of  far  fields  but  typically  costs  more 
than  $150,000  and  must  be  used  in  com- 
plete darkness  (except  for  the  light  being 
measured)  to  prevent  damage  by  stray  light. 

The  laser  under  test  is  placed  in  a  test 
fixture  and  pulsed  repeatedly  by  modulat- 
ing its  drive  current.  A  silicon  avalanche 
photodiode  that  has  a  frequency  response 
of  3  GHz  and  a  100-/im  collecting  aper- 
ture is  placed  57  mm  away  from  the  laser 
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This  Instrumentation  System  makes  time-resolved  measurements  of  the  far-field  radiation 
pattern  of  a  pulsed  laser.  One  of  the  principal  advantages  of  this  system  is  that  it  costs  much  less 
than  does  a  streak-camera  system  designed  for  the  same  purpose- 


on  a  translation  stage  driven  by  a  stepping 
motor.  The  computer  that  controls  the  sys- 
tem causes  the  stepping  motor  to  translate 
the  stage  and  photodiode  20  mm  across 
the  laser  beam  in  steps  of  100  /xm;  this 
corresponds  to  an  approximate  angular 
scan  across  the  far  field  of  -10°  to  -i-10°, 
with  angular  resolution  of  0.10°  The  out- 
put of  the  photodiode  at  each  angular  step 
is  digitized  by  a  boxcar  averager  capable 
of  sampling  time-varying  phenomena  with 
a  resolution  of  12  ps.  The  output  of  the  box- 
car averager  is  stored  by  the  computer  in 
a  specific  "angular  point"  file. 

The  result  of  the  scan  is  a  set  of  files 
of  data  on  intensity  versus  time  for  each 


angular  scan  point  in  the  far  field.  The  far- 
field  pattern  of  the  test  laser  for  a  particular 
time  in  the  pulse  can  then  be  plotted  by 
extracting  the  intensity  value  for  that  time 
from  each  angular-point  file.  The  computer 
then  plots  the  entire  far  field  for  the  specific 
time  in  the  pulse.  As  many  as  20  far-field 
patterns  can  then  be  stack-plotted  to  re- 
veal the  evolution  of  the  far-field  pattern 
during  the  pulse.  The  temporal  resolution 
of  the  overall  system  is  330  ps. 

This  work  was  done  by  Kathrine  Forrest 
and  Donald  Cornwell  of  Goddard  Space 
Flight  Center.  No  further  documentation 
is  available. 
GSC-13338/TN 
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Details  of  Collision- 
Avoidance  Study 

Plans,  forms,  training 
narratives,  scripts, 
questionnaires,  and  other 
information  are  compiled. 

A  report  provides  background  informa- 
tion on  and  a  detailed  description  of  a 
study  of  pilots'  use  of  a  traffic-alert  and 
collision-avoidance  systenn  (TCAS  II)  in 
simulated  flights.  The  study  is  described 
in  the  preceding  article,  "Evaluation  of  an 
Aircratt-Collision-Avoidance  System"  (ARC- 
12367).  The  document  contains  the  follow- 
ing parts; 

•  TCAS  Information  Transfer:  Handbook  for 
Air  Carrier  Flightcrews:  This  document 
describes  the  experiments  to  be  con- 
ducted for  the  flightcrews  who  were  to 
serve  as  subjects.  It  gives  background  in- 
formation on  TCAS  II,  the  schedule  of  the 
experiments,  the  procedures  and  equip- 
ment to  be  used,  and  other  incidental  in- 
formation about  the  study. 

•  Flight  Plan  and  Aircraft  Ijoad  Data:  This 
document  describes  scenarios  for  the 
simulated  flights,  including  information  on 
the  aircraft,  cargo,  fuel,  routes,  altitudes, 
and  schedules.  The  scenarios  were  sub- 
mitted to  the  participating  air  carriers  so 
that  they  could  prepare  flight  plans  and 
dispatch  papers  in  the  form  most  familiar 
to  the  subjects. 

•  Subject  Flight  Time  Questionnaire:  This 
is  a  form  that  was  filled  out  by  each  crew- 
member  on  arrival  at  the  experiment  site. 
It  asks  questions  about  age,  cockpit  posi- 
tion, flying  time,  and  other  facts  pertinent 
to  the  subjects'  flight  experience. 

•  TCAS  Experimental  Design:  This  docu- 
ment describes  the  experiment,  the  types 
of  TCAS,  conditions  to  be  simulated,  sub- 
ject groupings,  equipment,  and  proce- 
dure. 

•  Training  Narratives:  These  are  three  train- 
ing texts.  Each  covers  one  of  the  TCAS 
II  systems  used  in  the  experiment:  with- 
out traffic  display,  with  traffic  display  on- 


ly during  conflicts,  and  with  continuous 
display  of  traffic.  These  narratives  tell  sub- 
jects how  the  system  works,  what  to  ex- 
pect, and  how  to  react. 
'  Description  of  Simulation  Computer  inte- 
gration: This  document  describes  the  air- 
craft simulator  and  its  computer  hardware 
and  software 

'  Subject  Information  Form:  This  form  en- 
abled the  subjects  to  request  reports  on 
the  experiment. 

'  Experimenter  Checklist  and  Subject  Brief- 
ing Outline;  This  is  a  list  of  procedural 
items. 

Quiz  on  TCAS,  Used  During  Training:  The 
title  is  self-explanatory. 
TCAS  Airplane  Flight  Manual  Supplement: 
This  is  an  attachment  to  the  FAA-ap- 
proved  flight  manual  for  Boeing  727  air- 
craft equipped  with  TCAS. 
Forecast  and  Actual  Weather;  This  docu- 
ment describes  weather  on  the  simulated 
flight  routes. 

Air  Traffic  Control  Script:  This  is  the  script 
followed  by  controllers  in  their  communi- 
cations with  crewmembers  in  the  simula- 
tor 

Encounters  Used  in  the  TCAS  Experi- 
ment: This  is  a  list  of  simulated  conflict- 
ing aircraft  in  each  flight  segment,  includ- 
ing a  description  of  the  aircraft  and  their 
positions  with  respect  to  the  subjects' 
simulated  airplane. 

Data  Forms  Used  by  Observers:  These 
are  forms  filled  out  by  obsen/ers  for  each 
simulated  encounter  The  forms  were 
used  to  analyze  the  crews'  responses. 
Workload  Rating  Scales:  These  are  rating 
sheets  filled  out  by  subjects  after  each 
flight  segment.  They  provide  scales  for 
rating  the  magnitude  of  mental  demand, 
physical  demand,  temporal  demand,  and 


other  factors. 

•  TCAS  Fbstflight  Questionnaires;  These  are 
forms  used  by  subjects  during  debriefing 
sessions  to  evaluate  TCAS  II. 

•  Verbal  Debriefing  of  Subjects.  These  are 
forms  used  to  record  informal  comments 
of  subjects. 

•  Human  Factors  of  the  TCAS  II  Collision- 
Avoidance  System;  Maneuvers  Based  on 
Resolution  Alerts;  This  is  a  report,  based 
on  the  results  of  the  study  on  the  effect 
of  corrective  resolution  advisories  on 
separation  between  conflicting  aircraft. 

•  Use  of  the  TCAS  Traffic  Advisory  Display 
for  Evasive  Maneuvering;  This  is  a  report 
on  14  incidents,  during  the  simulations, 
of  maneuvering  prompted  by  traffic-ad- 
visory displays. 

•  Postflight  Questionnaire  Results;  These 
are  averages  of  the  responses  of  subjects 
to  questions  on  the  postflight  question- 
naire. 

This  work  was  done  by  Sheryl  L. 
Chappell,  Charles  E.  Billings,  and  M. 
Christine  Olsen  of  Ames  Research 
Center,  Barn/  C  Scott  of  the  Federal  Avia- 
tion Administration,  Robert  J.  Tuttell  of  the 
Naval  Postgraduate  School,  and  Thomas 
E.  Kozon  of  Sterling  Software  Corp.  Further 
information  may  be  found  in  NASA 
TM100094  [N 89-1 8038,  Price  Code:  A07 
"Pilots '  Use  of  a  Traffic  Alert  and  Collision- 
Avoidance  System  (TCAS  II)  in  Simulated 
Air  Carrier  Operations  —  Volume  II: 
Appendices." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  ARC-18038/TN 
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Evaluation  of  an  Aircraft- 
Collision-Avoidance  System 

Data  from  simulated  flights 
show  that  the  system  helps 
pilots  avoid  near  misses. 


A  report  describes  a  study  of  pilots'  use 
of  a  traffic  alert  and  collision-avoidance 
system  (TCAS  II)  in  simulated  airplane 
flights.  The  report  describes  the  metho- 
dology, summarizes  the  results,  and  pre- 
sents conclusions. 

TCAS  II  gives  an  alert  by  light  and  sound 
when  another  aircraft  is  within  40  s  of  pass- 
ing very  closely.  If  the  other  aircraft  still 
poses  a  threat  15  to  20  s  later,  TCAS  II  ad- 
vises the  pilot  to  maneuver  vertically  or  to 
continue  on  the  same  flightpath  but  alter 
the  rate  of  ascent  or  descent. 

The  subjects  for  the  study  were  16  air- 
line flightcrews  composed  of  3  persons 
each.  Each  crew  flew  the  same  8  simulated 
flight  segments  during  a  10-h  simulated 
duty  day  Each  crew  was  exposed  to  the 
same  conflicting  aircraft  under  full  air  traf- 
fic control.  Each  crew  flew  under  one  of 
the  following  conditions: 

•  No  TCAS  II  on  the  aircraft  (in  all  cases,  a 
simulated  Boeing  727  airplane); 

•  A  minimal  TCAS  II,  without  a  display  of  con- 


flicting traffic; 

•  TCAS  II  with  a  display  that  showed  traffic 
only  when  a  conflict  occurred;  or 

•  TCAS  II  with  a  full-time  display  of  traffic  in 
the  vicinity. 

The  study  showed  clearly  that  TCAS  II 
helps  pilots  avoid  close  encounters.  With- 
out TCAS,  in  4  instances,  the  minimum  sep- 
aration between  aircraft  decreased  to  less 
than  1,000  ft  (305  m)  horizontal  and  200 
ft  (61  m)  vertical  simultaneously  during  32 
flight  segments.  In  one  case,  the  minimum 
separation  was  less  than  500  ft  (152  m) 
horizontal  and  100  ft  (30  m)  vertical.  With 
TCAS,  in  no  case  during  96  flight  segments 
were  aircraft  separated  by  less  than  1 ,000 
ft  horizontal  and  200  ft  vertical. 

The  amount  of  information  on  the  loca- 
tion of  conflicting  air  traffic  had  little  influ- 
ence on  the  appropriateness  of  the  re- 
sponses of  those  crews  who  had  TCAS  II. 
Responses  were  equally  effective  whether 
pilots  had  sound  and  light  indicators  only, 
a  part-time  display,  or  a  full-time  display. 


When  pilots  had  displays,  however,  they 
took  avoidance  actions  earlier  and  perhaps 
prematurely  before  they  observed  the  con- 
flicting aircraft  visually 

This  work  was  done  by  Sheryl  L. 
Chappell,  Charles  E.  Billings,  and  M. 
Christine  Olsen  of  Ames  Research 
Center,  Barry  C  Scott  of  the  Federal  Avia- 
tion Administration,  Robert  J.  Tuttell  of  the 
Naval  Postgraduate  School,  and  Thomas 
E.  Kozon  of  Sterling  Software  Corp.  Fur- 
ther information  may  be  found  in  NASA 
TI\JI-100094  [N89-18037],  Price  Code:  A03 
"Pilots'  Use  of  a  Traffic  Alert  and  Collision- 
Avoidance  System  (TCAS  II)  in  Simulated 
Air  Carrier  Operations  —  Volume  I: 
Methodology,  Summary,  and  Conclusions." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  ARC-12367/TN 
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System  Predicts  Critical  Runway  Performance  Parameters 

Reliable  current  information  is  provided  to  pilots  for  runway-maneuver  decisions. 


The  runway-navigation-monitor  (RNM) 
and  critical-clistances-process  electronic 
equipment  are  designed  to  provide  a  pilot 
with  timely  and  reliable  predictive  naviga- 
tion information  relating  to  takeoff,  landing, 
and  runway -turnoff  operations.  The  predic- 
tive data  will  enable  the  pilot  to  make 
critical  decisions  about  runway  maneu- 
vers with  high  confidence  during  emergen- 
cies. Although  a  number  of  runway  per- 
formance monitors  — from  simple  runway 
markers  to  computer-based  decision- 
making algorithms  —  have  been  in  use, 
certain  limitations  exist  with  all  of  them.  For 
example,  runway  markers  are  hard  to  read 
during  poor  visibility  heads-down  monitor- 
ing systems  increase  a  pilot's  workloads 
during  critical  maneuvers,  and  decision- 
making algorithms  rely  on  data  on  the 
statuses  of  systems  in  aircraft.  The  new 
technique  utilizes  ground-referenced  posi- 
tion data  only  to  drive  a  purely  navigational 
monitor  system  that  is  independent  of  the 
statuses  of  systems  in  an  aircraft. 

The  critical  runway  distances  are  shown 
in  the  figure.  In  the  landing  case  illustrated, 
the  pilot  reserves  a  section  for  the  takeoff- 
and-go-around  (TOGA)  maneuver  in  case 
of  an  emergency  When  the  aircraft  is  posi- 
tioned so  that  the  tracking  sensors  are 
within  range  of  each  other  the  RN  M  makes 
it  possible  for  the  crew  to  know  continuous- 
ly the  following:  the  distance  to  the  end  of 
the  runway;  where  the  plane  will  stop  if  it 
continues  to  use  the  present  braking 
means;  where  the  plane  will  stop  if  it  uses 
the  maximum  braking  means;  where  the 
plane  will  achieve  the  appropriate  turnoff 
velocity  if  it  continues  to  use  the  present 
decelerating  means;  and  when,  or  where 
on  the  runway  the  plane  will  reach  the  fi- 
nal-decision point  for  staying  safely  on  the 


Predictive  Navigation  Information  independent  of  the  statuses  of  systems  in  the  airplane  is 
provided  continuously  during  runway  maneuvers. 


ground. 

The  information  provided  by  the  RNM 
also  helps  the  pilot  to  assess  the  capability 
of  the  aircraft  to  make  the  next  turning 
maneuver  As  the  plane  approaches  a  turn, 
the  pilot  compares  the  radius  of  the  limit 
turn  vector  (LTV)  with  the  radius  of  the 
painted  runway  centerline.  If  the  radius  of 
the  LTV  is  equal  to  or  smaller  than  the  ra- 
dius of  the  runway  centerline  at  the  turnoff, 
the  cornering  capability  will  be  sufficient.  If 
the  radius  of  the  LTV  is  greater,  the  pilot 
should  increase  braking  or  abort  the  turn 
maneuver. 

The  RNM  and  critical-distances-proc- 
ess equipment  have  been  made  possible 
through  the  integration  of  new  onboard 
computational  powers,  new  sensors  coupled 
with  avionics,  and  such  new  cockpit-dis- 
play technology  as  cathode-ray-tube 
displays  and  heads-up  displays.  The  RNM 
process  equipment  has  been  kept  simple 
by  providing  the  crew  with  accurate 


navigation  data  supplemented  only  by  the 
statuses  of  critically  changing  distances. 

The  RNM  operates  independently  of 
other  aircraft  systems,  regardless  of  the 
means  used  to  accelerate  or  decelerate 
the  aircraft.  The  continuous  predictive  in- 
formation provided  by  the  RNM  informs  the 
crew  upon  touchdown  or  takeoff  whether  or 
not  the  aircraft  can  be  braked  to  a  stop  on 
the  runway  whether  it  can  be  slowed  suffi- 
ciently to  make  a  turnoff,  or  whether  there 
is  sufficient  distance  to  achieve  a  required 
takeoff  acceleration  prior  to  rotation. 
These  predictions  are  continuously  up- 
dated throughout  the  maneuver  providing 
the  pilot  with  the  necessary  information  to 
make  decisions  about  critical  runway  ma- 
neuvers with  confidence. 

This  work  was  done  by  Ernest  W.  Millen 
and  Lee  H.  Person,  Jr.  of  Langley  Re- 
search Center.  No  further  documentation 
is  available.       U\R-13809/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240.  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


292 


< 


U.S.  DEPARTMENT  OF  COMMERCE 
National  Technical  Information  Service 

Springfield,  VA  221 61 


ORDER  FORM 


Use  this  form  ONL  Y  to  order  reports  designated  as  available  from  NTIS. 


TELEPHONE  ORDERS  (703)  487-4650 


FAX  (703)321-8547       TELEX  89-9405 


For  Subscription 

Questions 

(703)487-4630 

For  Tracing  an  Order 
(703)  487-4660 

For  Editorial  Questions 
(703)  487-4805 

Postage: 

NTIS  uses  First  Class  Delivery,  or 
equivalent  service,  on  all  shipping. 
For  infornnation  about  one  day  RUSH 
ordering,  call  (800)  553-6847  or 
(703)487-4650. 


NTIS  PRICE  SCHEDULE* 

This  schedule  converts  into  actual 
prices  the  price  codes  cited  in  those 
Tech  Notes  having  a  report  available 
from  NTIS. 

Price 

Code  Price 

A01  $8.00 

A02  11.00 

A03  15.00 

A04  through  A05 17.00 

A06  through  A09 23.00 

AlOthrough  A13 31.00 

A14through  A17 39.00 

A18through  A21  45.00 

A22  through  A25 53.00 

A99  Contact  NTIS 

for  price 

These  prices  are  for  customers  in 
United  Slates,  Canada,  and  Mexico. 
Other  addresses  should  write  for  the 
price  listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1 991 


t  Purchase  Order  Service:  There  is  a  $7.50 
charge  for  this  service.  It  is  restricted  to 
customers  in  the  United  States,  Canada, 
and  Mexico.  A  late  payment  charge  will  be 
applied  to  all  billings  more  than  30  days 
overdue. 


If  your  address  lable  on  this  Tech  Notes  is  NOT  correct,  call  the  NTIS 
Subscriptions  Department  on  (703)  487-4630. 

1    ADDRESS  INFORMATION 

Last  Name  

Title 

Company/Organization 

Address  


City/State/ZIP 

Telephone  Number. 


2    METHOD  OF  PAYMENT 

I    I    Charge  my  NTIS  Deposit  Account    - 

I    I    Check/Money  order  enclosed  payable  to  NTIS  for  $ 

dH    Purchase  order  ADD  $7.50  per  order  (see  below  for  restrictions)^ 
Purchase  order  number 


Charge  my      Q  American  Express       Q  VISA      Q  MasterCard 

Account  Number Exp. 

Signature 


(Required  to  validate  order) 


3    ORDER  SELECTION  (Use  only  for  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 

/NAC 


/NAC 
/NAC 
/NAC 
/NAC 


Handling  fee           $3.00 
Total      


;'>''.!. 


I 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 


PENN  STATE  UNIVERSITY  LIBRARIES 

iiiiillliiillillii 
ADDD07E0103D3 


-r,    °3 


CD  m 

U 

o 

o 


o -n 

li 

(0  3) 
5  O 

<  m 

o' 


Materials 

Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 


m 
O 
c 
> 

o 

■0 

o 

3} 


• 


•< 

m 


O 

-< 
m 

31 


Route  To: 


-D 

O 

T) 

0) 

CO 

— t 

3 

>CI3 

OC 

'-► 

-rmr- 

z 

o 

OJ-n^ 

O 

m> 
m-i 

ro 

c/)rn 

CO 

ro 

T) 

> 

D 

• 


